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rally happen in Bodies. 


And that we may not be deceived by falſe No- 


tions which we have embraced without Examin- 
ing, or that we have received upon the Autho- 
5 B : EO rity 


ATURAL Philoſophy is chat Science 
which gives the Reatons and Cauſes of 
the Effects and Changes which natu- 


1 


N 


5 rity of lr: ; we ought to al in Queſtion all 


ſuch things as have an | Appearance of Falſhood, 


thar by a new Examen we may be led to the 


Truth. 


which we may rely upon, when t 


© 


tion, if we doubt of any of the Particulars it 
comprehends, leſt we run into Errors and take 
things for granted, which have been found con- 
trary to Experiments and Mathematical Demon- 
ſtrations. An Inſtance of this may be given in 


what has formerly been ſaid about Heat and 


Cold, vig. That Heat unites homogencous 8 
dies, and ſeparates heterogeneous Bodies; and 
that Cold unites heterogencous Bodies, and ſe- 
Parates r ; all which we find co be 


falſe in ſeveral Inſtances. 


I. Mix and Melt Gold and 8 together, I 
and the Fire will not {cparatc them; neither will 4 
g it | 


This Examen is to be made. by Suppoſitions, 

45 agree with 
Experiments; but if only one Experiment is con- 
trary to any Suppoſition, that Suppoſition muſt 
be rejected, and a new one made, till we find that 
it agree with all other Experiments Therefore, we 
mult not go about to define a Cauſe, unleſs we 
know its Effects ; or lay down a general Propoſi- 
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= ſeparate. two Parts of Braſs mixed with one of 
Copper. 5 


2. It rather unites, than ſepirages ſich Hers: 


geneous Bodies as have an aptneſs to Coalition; 


as in making Plaiſters and Ointments, &c. and 
in uniting Felt. Petre and Aſhes, into 0 durable 


a Body as Claſs. 


Fire only diſlocates the Parts of Wine 15 


ſubdivides them into minute Particles, Without 
reſpect to their being rg, e Or Heteroge- 
neous; which is evident in 


oiling Water, or 2 
ther Liquors, whoſe Steams condenſe to the ſame 


Subſtances again. And in Diftillation, where all 


the Parts are in a Confuſion upon the ſlackening 


of the Heat, or the Parts receding from it when 
driven into the Receiver, they take Place accord- 
ing to their Speci ick Gravities. Such Parts alſo, 


as Arc moſt eaſily Separated, are ever carried firſt off 


as in the Diſtillation of Man's Blood; firſt Ma- 
ter, then Spirits and Salt, then Oil. The Earth 


and Alkali remain together, becauſe of an equal 
Degree of Fixedneſs, tho Hererogencous. Cold 


| does not always unite heterogeneous Bodies, bur 
ſeparates em; as in the Urine of healthtul Peo- 
ple ir cauſes a Sediment, which is again diſper- 
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ſed, 204 made to diſappear by. Heat. nd b 
Froft, the Strength of Wine is ſcparared, and un. 
frozen in the middle of the ye 


Duſts « Wood, „ GC. are no farther. unite 
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By E ements, the Philo ophers meant molt .F 
ple Bodies, of which they (aid, all the Bog 
wer lee, are made, and which may. be extrac 
from all Bodies. But they have been mi 
in conſtituting their Elements, becauſe h lid 
not ſo much explain the Nature . of things, as. 
what Senſes thoſe things excite in us. 
They that conſidered things a as the- 
Sight, made only two Elements; the 
Opaque; tho they gave but a blind 
Light and Colours. „„ 
The four Elements that have obtained 1 
| Touch 18 
con- 


than as they Sg fettered up in the frozen 


affected; for thoſe t a 
eat and 5998 
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theſe arc in, amd may be extra 
they uſed to burn a. piece of 
call the Coals and Flame, he Seweat, War. 
ter; the Smoak, Air; and he. Aa. Earth. 
Barc. theſe carinot be lements according to 
Ki Definitions, for they are not m le and 
nchangeable, but may be a ; produced 
de novo; the Smoal they call'd Air, may 
be condenſed into a Liquor; 3 the Fire is onl 
wbtile Matter in a\ rapid Motion 
ure * WL produce Caput mortuum, and 
ch they e call Earth, will make 
= ON" things are not reducible. into 
2 our 1 a8 C old. Silver, D 
: Venetian Talk, | 
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| could not prove their Elements to be unmixed. 
bcäcauſe Experiments ſhew the contrary. The 
 Chymiſts Principles are Salt, Sulphur, and Mer- 
cury, which they call their Elements, but as er- 
roneouſly; for theſe cannot be had from Glaſs, =_ 
Cold, Diamonds, Sand, &c. or may be deſtroy- 
ed and produced de novo. | VVV — 
Mr. Boyle affirms, that Quick-ſilwer has been 
turned into Water, and Sulphur altered; and 
1 that the e ng and Salts of the MR 
N Cpqhmiſis, are not Similar Bodies; whereas, to be 
1 Elements, each ought not to differ from thoſe of 
the ſame Name, more than Drops of Water do 
from one another. - Others add to theſe three 
Principles, Caput mortuum and Phlegm; that is, 
Water and Earth; but theſe five are produceable 
even from Water alone; and Art can of two E- 
lements compound a Body, as durable as any in 
=_  - the World, viz. Claſs made of Aſhes, that hath 
il TR l, ße | 
= The Doctrine of Acids and Alcalis, is as 
faulty as the foregoing ;- for none of theſe Hypo- 
= theſes can account for Firmneſs and Fluidity, the 
Phenomena of the Load-ſtone, the Formation of a 
Fetus, Sounds, and a thouſand other things that 


fall under che Notice of a Philoſopher. * And 
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has as long as the Chymiſts,or any other Philo „ 


1 plers endeavour to explain things by a Number 


of mixed Ingedients in a State of Reſt, they will 


be deficient; ſince the greateſt Part of the Affecti- 


ons of Matter, and conſequently the Phxnome- 


na of Nature, ſeems to depend on the Motion 


= and Contrivance of the ſmall Parts of Bodies. 


3 ter, if all its Parts were at Reſt amon 


That Philoſophy therefore is the moſt reaſona- 
ble, which teaches, _ 

I. Thatithe. Matter af Real ie) is (he 
ſame; namely, a | Subſtance extended, diviſible, 
and i er 5785 

2. That ſince there can be no Change: in Mar. 


g themſelves ; 


to diſtinguiſh the general Matter of the Univerſe, 


into a Variety of natural Bodies, it muſt have 


Motion, in ſome or all of its Parts, which muſt 
be variouſly determined. And tho' it is manifeſt 
to Senſe, that there is a local Motion in Matter; 
yet Motion is not included in the Nature of 
Matter, Cœval with it; Matter being as much Mat- 
- ter; 3 at reſt, as a; in Motion. And tho' it 
be wholly diſputed, how Matter came by that 
Motion, by thoſe who acknowledge not an Au- 
thor of che Oniverſe; yet lince a Nan! is not the 


wor le 


1 ils N aturaliſt fot not 9 BY an Atheik; ; we 
allow that the Origine of Motion in Matter, a a 
well as of Matter it ſelf, is from GO D. 


mongſt ſecond Cauſes, and the chief Agent of 


Situation, and Texture, lat; the Effects of 
Motion ; as in a: Watch or Cloc 
chereforc that makes all uſeful. 


Inks pieces of what Shape any pleaſes to imagine; 
we will ſay Cubick, as moſt obvious. Then eve- 

ty one of theſe Parts being turned ſwiftly round 
its own Center, and alſo about another Center 
common to all: the Parts; the Corners muſt be 
wore off of ſeveral of theſe: Parts, and a fine Duſt 


che Materia Hubtilis, or firſt Element; The Cubes 


that have been rubbed round into Globules, 
make the ſecond Element, of not ſo ſwift a Niem 2 


their Shape, by having their Angles much wan 


3. That local Motion is the chief Principle 11 


all tiat happens i in Nature. Bulk, Figure, Reſt; 
it is Motion 


"DesCartes ſuppoſesMatter as fixe, Ieti it -be pulled = 
2 


be made by that Friction. The ſmall Duſt is 


as the firſt, which is agitated between the Incerſti- 
ces of the Globules ; The Cubes that have not loſt 


make the third and unactive Element. 
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3 Daf | anette t 


Pieces the C 


o ah pee, may ſcem ingenious e- + 2 
h at firſt, yet if-< uly weighed i it will: appear, 9 

Experiments, and the 
Is Fake 2 Dozen or two of Cube 
Y for Example, ſome of an Inch, ſome 6f 
half an Inch; and liavingty'd a Thread to | 
ind! e Threads to che er ot 4 round 
to turn caſily⸗ pe . Piat; (as _ 8 


— 


the T, the 77 Plate 3. Fig. 5.) as foon as you have 3: 


given the Tab A ate Motion round its 


ter, all the 


cannot grind ea 1er into Clobtles; = „ 4 
reaſon of their. 1 orce, by which they „„ po 
urled round one common Center, they muſt 
recede from each other, „„ 

we ſuppoſe any ambient Surface to make a 
IIIId Ie (as tlie Box does i in tt c. 4 e Of the ; 3 2 
2 £07 ..- Dube: . 


„ i 
ll Cubes of Clay) then either the Cubes touch one 
8 another before the Motion begins, or they do 
3 not. If there be a Plenum (as Cartes believes) 
= the Cubes touching one another in all the Parts 
55 of their Surfaces, cannot grind each others Cor- 
þ ners off by a particular Motion in each Cube; 
I but muſt all move together, and become one Bo- 
1 dy, as before the rude Lump of Matter was ſup- 
[i poſed diſtributed into Cubes. If there be any 
Spaces between the Cubes, there muſt be a Va. 
1 cuum (which Cartes denies) or that Space muſt 
. de filled with a N yielding Matter; which 
would be ſuppoſing the Materia Subtilis, before 
= ve ſuppoſe it, which is abſurd ; or denying Mat- 
; ter to be Homogeneous, which is before Sup- 
be e of 
That Firmneſs and Fluidity, Heat and Cold, 
Odours, Sayours, Colours, and Sounds, depend 
upon the Shape, Size, and Motion of the Parts, 
1 may appear from two cold Things producing 
1 Hear ; as Oil of Tartar per Deliquium, poured on 
1 Oil of Vitriol, will cauſe it to boil and. fume, 
A ſolid Body will loſe its Smell and Firmneſs, 
by the Infuſion of one Liquor, and recover both 


by 
78 

Un 
2 
— 
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pt! 
%y : 
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* 


Mater will be ſo r 


by the Infuſion of another. As Camphire will be 
diſſolved, and loſe its Scent, by the Infuſion of Oil 
of Vitriol; but by pouring on Water, the Smell 
and Solidity will be reſtored. Sal Armoniack 
diſſolved into Water, makes a Mixture colder 


than each is ſingly. © 


arified by means of an A. 


bolipile, as to become lighter than Air; and if the 


418 


Hand be held near the Mouth of the Holipile, 


the Mater that ſtrikes on the Hand, will again be 


condenſed, and become as heavy as at firſt. Seve- 


ral more Experiments prove this Hypotheſis. 
Now if Firmneſs, Fluidity, Heat and Cold, 
smells and Sayours, depended only upon a 
Mixture of Ingredients, as ſome affirm ; then firſt, 
two cold Things would continue Cold when 
mixt. Secondly, A Liquor without Smell would 
not give Scent to another Liquor. Thirdly, Two 
Fluids when' mixed, would continue Fluid ; but 


the contrary is ſhewed by ſeveral Experiments. 


Ihe Extenſion of Matter, and its Impenetra- 
ole \ + Ir reer n I | 
bility, are ſelf-evident ; and its Diviſibility ap- 
pears from the Ductility of Cold; for an Ounce 
of Gold will guild a large Piece of Silver, which 
when drawn into Wire, will likewiſe then be all o- 
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dete Rays of Light muſt enter every! an's yes 5. 
for unleſs thoſe fine Parts of the Fluid made an 
Impreſſion 

alle would not 
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is that 
Ol f 1. Dy. 2 Body 
changes its Place. Therefore we ought to take 
care It we ſhould confound Motion and Velo. 
city together; becauſe ſome People think, one 
4 — to have more Motion han another, when 
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other; whereas it may only be ſaid to have more 
Velocity, Celerity, or Swiftneſs. But Motion is 
always eſtimated from a Conſideration of the - 
Quantity of Matter in a Body, and its Velocity 
together; for the ſame Force which will throw a 
Two Pound Weight three Yards (or give it three 
Degrees of Velocity) will throw a Weight of 
One Pound fix Yards (or give fix Degrees of v 
locity) and therefore the One Pound Weight, er 
the Body which has the leaſt Quantity of Matter, 
cannot be ſaid to have more Motion in it than 
the Two Pound Weight (or the Body which has 
twice the Quantity of Matter) tho' it moves as 
faſt again: For if we conſider, that when the 
Force or Motion, which is able to carry one 
Pound fix Yards, is applied to a Two Pound 
Weight, each Half of the Two Pound Weight has 
an equal Share of this Motion (now diſtribu- 
ted) it will be plain, that the Two Pound Weight. 
ought to be carried but three Yards. The Quan- 
tity of Motion may be increaſed, either by keep- 
ing the ſame Quantity of Matter, and augmen- 
ting the Velocity, or by keeping the ſame 
1 Velocity, and incr eaſing the Quantii y of Mat- 
ter, or by increaſing both; and therefore the 
Re Spots 1 n 
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heir Weight: their Moment; c or. Quantities of Mo- 


Ta) 


abſolute Force by which Bodies are moved, is 


known 85 the 1 of their Celerities | 
into their Matter or Weight. 
As for Example; in the Wo | 
) Bodies, A and B, let A be 
4) five Pounds, And B two 

; Pounds; ; let the Velocity 


29). MK Degrees, ak let B have 
— four Degrees of Velocity, 
then the Degrees of Motion 


in A will 1 3 and B will have cigth De. 
grees of Momentum, or Motion. 


Suppole A to have twelve, and B two Pounds; 5 


let A have four Degrees of Velocity and B thir- 
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eight, and in B 60. From hence it follows, that 
any little Body may have its Motion equal to 


the Motion of any great Body, wiz. If the Ve- 


locity of the little Body! is ſo much greater than 
the Velocity of the great Body as the Quantity 


of Matter in one is greater than the Quantity of 
Matter in the other, (i. e) when both Bodies have 
their Velocities reciprocally- Proportionable to 
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tion wit be equal. As for — Abe 
fifty Pounds, and B two Pounds; let the Velo- 


city of A be 3, and of B 75; now 50 has the 
= ſame: Proportion to 2, as 75 has to 3; and 
therefore the Quantity of Motion in A, which is 
3 times 50, or 150, is equal to the Motion in 
B, which is twice 75, or 150. If the Velocities 
1 of Bodies are equal, their Quantitics of Motion 
will be as their Matter, which is contained in 
them; and therefore ſince all Bodies ( abſtracting 
from the Reſiſtance of Air) deſcend equally faſt? 
the Motion which Bodies acquire by 9 

ty in deſcending, will be as their Quantity of - 
Matter. As a R deſcends as faſt in vacuo 
as a Pound of Lead; but ſuppoſe the Lead 


their . 


ICOO times heavier chan the Feather, the Momen- 


tum of the Lead will be 1000 times greater; 
Gravity is the Cauſe of the Deſcent of both: 


Therefore there is 1000 times more Gravity re- 
quired to make the Lead deſcend, than the Ra- 


ther; fo that the Feather which has: 1000 times 


leſs 1 than the Lead, may deſcend with as 


great Velocity as the Lead, the Momentum of 


the Lead being 1000 times greater chan i — 
af. And. 


ae RES ſhoe all. Cauſes! ate pre- 
b to their Effects, the Gravity of Bodies, 


which produces their Motion downwards; will 
„ 8 likewifer be: Proportional to the Quantities of 


| Mu.latter in Bodies; and therefore the uantity of 


Matter in an Body, may be eſtimated by its 
1 eight ; and therefore if. an Inch of Lead be 6 
| rimes-heavier than. an Inch of Wood, there muſt, 
1 be 6 8 more Matter in t e Inch of Lead, 


© han in the ſame bulk of Wood ; and hence may: 
1 9 be an good — for a bets acuum. For 
RE, mould g 

-Shbriles3 yer | 
I this Matter c comes to be o : 
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e muſt wen alſo ſuppoſe the Pores of all 
Bodies to go in a ſtrait Line, and Horizontally; 

and they muſt always be ſuppoſed to move in the 
(ame ſtrait Direction; otherwiſe the Materia 

- Subtilis would be reflected, and ſo conſequently 
not fill up all the Pores;  ſomerimes: hindering, 

Tx and ſometimes not hindering: the Gravity of a 
Body; ſo that the ſame Body would be more or 
5 3 heavy, as its Pores lay in 2 horizontal, or; 
Chontrary Poſition. The whole Effect of Mecha- 
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nical Engines, is to diminiſh the Velocity of the 
Weight to be raiſed, ſo that the Quantity of 
Z Motion it will have, pe no more than tlie 
Dani of Motion in the Power chat raiſes the 
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© Suppoſe a Man can raiſe by his Strength, with- 


= our an Engine, only ten Pound Weight, with a 
= determinate Degree of Velocity 5 it's not poſſible 15 
= for him with any Engine to raiſe a hundred 


Pound with the ſame Velocity; yet by the Ap- 


= . plication of an Engine, a Man can raiſe a Hun- 
Z dred Pound, with the Iorh Part of that Velocity. 


Plate 3d. Fig. 1.] Now all that the Engine 


{ does, is to diminiſh the Velocity of the Pondys, 
ſo as to make its Motion no greater than the Mo- 
tion of the Power railing it, as may be ſeen in 
the Vectis, which we ſuppoſed as a Mathemati- 
cal Rigid, or inflixible Line, only moving round 


the Point C, which is called the Fillerum, B C, 


and C A are called the Brachia. In the Statera, 


the two Brachia, (tho the one be longer than 
the Other) are equally, heavy; and conſequently 
B C keeps in Equilibrio C A, which is divided in- 


to 10 Lengths, cach of which is equal to B C. 
Let Q be the Weight which is to be found out 
FFFFFFFFC TITRE 7 > - V 


27 


= oy hanging any given Weight P upon the Bra. 


0 S 


Weight A for fince P in the Diſtance 5, is E. 


8 with Q, it follows that Q is the 


uintuple of P, as is here Demonſtrated. = 


Now ſuppoſe that if the Brachia are equal, a 
Man could only raiſe ten Pounds ; then I fay, 
that if you alter the Brachia, and make C A 10 


times longer then B C, he can by this Engine 


raiſe a Hundred Pound; for, becauſe B C, is 
but the Toth Part of C A, the Space B b will be 


but the Ioth Part of Aa, and conſequently 7 
when B moves, it will have but the Ioth Part of 
the Velocity of A; but by Suppoſition the Force 
of Ais fo great, as to raiſe by that Velocity a 
Body of Ten Pounds, therefore it will raiſe by 
the IOth Part of that Velocity a Body of a Hun- 
dred Pounds. From hence it follows, that the 


Weight at A will weigh I © P ounds, 


for, becauſe A a is 10 times greater than B b, the 


Velocity of One Pound at A, will be 10 times 
greater than the Velocity of Ten Pounds at B; and 


x 8 


pl aced at By 


therefore their Quantities of Motion will be e- 
qual, they being reciprocally proportional to 1 


". 
_ 
 =_ 

4 2 


ium C A, and moving it up and down, till it 
makes an Fquilibrinm, you will find out the © 


2 theirWeight. Since then, the two Bodies have equal 
Z Momenta, or equal Forces that moved them; 
ttheſe Forces being contrary, or acting contrary, 
the one to the other, will deſtroy one anothers 
> Motion, and keep an Equilibrium. © 
A Point in any Body ſo placed, that all Mat- 
= ter on every. Side Gravitates equally, is called 
the Center of Gravity of that Body; the Center 
, Gravity is not always the Center of e/Magn- . 
tude, as in the Statera Romana, where it's not 
= | required that the ſhort Brachium ſhould. have an 
> equal Quantity of Matter to what the long one 
has. e en 
= The Center of Motion is that Point, round 
uhich if a Body moves, every Point of it de- 
ſcribes Circles, whole Centers are in the Center of 
* eMotton. The Center of Gravity of all Bodics 
2 deſcends as much as it can; and if a Body be 
> ſuſpended by its Center of Gravity, ir will not 
* retain any given Poſition ; for in that Caſe the 
Center of Gravity cannot deſcend. If the Center 
f Gravity be different from the Center of Mo- 
lion, and then if the Center of Gravity be put 
cout of the Perpendicular, the Body will turn 
round till the ſaid Center of Gravity be juſt un- 
Gus TTT der 
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der the Center of Motion, for then it has de- 
ſcendlec as ue it e n.. 
Plate 3d. Fig. 2d. Let A B be a Beam, whoſe 
Center of e Motion at m is above the Center of 8 
Gravity c, if it were turned out of the horizon- | 
tal Poſition, the Center 1 Gravity muſt aſcend, 
Suppoſe to k; and thereto 7 
to it ſelf, 'twill turn round, till the Center of | 
Gravity comes again to its former Poſition. . 
In a Balance the Axis, and the Center of Mo- 
tion is a little above the Center of Gravity); for 
il it were exactly in it, it would retain any given 
Poſition; but by being above it, the Beam of the 
Balance when in Aquilibrio, muſt ſettle it ſelf 


in an horizontal Poſition. 


The Center of Motion may be put below the 
Center of Gravity, but if you move them ever 
ſo little out of an exact Perpendicular, the 
Scales will not be in an Equilibrium but as ſoon 
das you let the! ee e. freely, the Center 
of Gravity will get below the Center of - 
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DEFINITIONS. 


1. 77 % © 9 A to be raiſed, or 


9 18] : mov d. ; 
3. FEARS is that Farce by which 8 


x Weight : is KF} whether it be a Force that Draws, 


or Lrſhes, or Strikes, or a Weight which Crna. : 


= tates; for 4 Weight is a Power, in reference fo the 
1 beavy Body which it may move. 


The Abſolute Gravity of a Body, is its En- 


Y deavour to d ee in a free Medium. 


4 The Relative Gravity of a Body, is its Endea- 


vour to deſcend wohen it touches, ſomething elſe be- 

ſides the Parts of the Medium; and that is al- 

| ways leſs than the Abſolute. 
5. Equilibrium, 1s, when there is the ſame 

Q vantity of Motion in the Power, as there is in 

_ the Weight; becauſe theſe Motions being contrary, 

yy one deſtroys the other. 


6. The 


CEL ee ERS OE IT OE EIS 


+ 5. 


6. The Center of Motion, Fulcrum, or firſt Point, 


are all the ſame. 


Body the right Line, by which it endeavours to de- 


ſcend. In a Power, the right Line by which a 
Power draws or puſhes 4 Meight, (Plate 1. Fig. 1.) © 
JC draws A over B, BC is the Line of Di- 
 redtion of the Power, and A D that of the 


Weight, by which it reſiſts the Trattion. 
ea 22 


Application of a Power to a Vectis, or © 


_ - Leaver, is the 5 which the Line of Direction 


dle ABE in Fig. 2. Plate 1. 


9. The Diſtance of a Power or 5 0 is a 
Line drawn from the fixed Point perpendicular to 
the Line of Direction, as CF. Fig. 2. Plate 1. 


10. In all regular and homogeneous Bodies, the 


Center of Gravity 4 in the Center of Magni- 


rude. 8 . 
SUPPOSITIONS. 


1. We muſt ſuppoſe the Earth flat, becauſe the 


greateſt Engines are but as a Point, when compared 
- with the Surface of the Earth. — 9 


7. The Line of Direction of a Power or Weight, | 


is that in which it endeavours to move. In a heavy 


that Power makes with the Leaver, as the An- 


Ac When 1 Bodies 2 freely, they make 


. Lines perpendicular to the Earth, meeting in the 


Center of the Earth ; and TOE we are to ſuppoſe 
Parallel. 


3. Tho Engines are im per ſeck, we ot ſuppoſe 


better 5 out what they do, as that Bodies are 
= perfedtly hard, ſmooth and homogeneous. Lines 
rait, without We ht, Thicknefs, or "AY; , and 
Cords extreaml Ly p able. e 
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Sk To 21 4 Weir 1 5 an 1 ay Velo- 
city of the Power muſt be increaſed and that of the 
* Weight leſſened. 

= 2 The Center of Gravity always deſcends. as 
loro as it can. 

3. A Body can fall Ny than it is, unleſs £ 
its Center of Gravity deſcends. _ | 
4. If all the Weight of a Body was reduced in- 


to is Center of Grayity, it would move as be- 
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5 * 1 * 
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them perfect; "hat by ſuch a Suppoſition we may 5 


(4). 


| Propalitok I. Probleme“ 
5 How to make ; 4 heavy Bod ſeem to riſe of it 2 


< | > Woodona Table, croſſing each other 
— at one end on another Piece (Plate 1. 


Fig. 195580 C D, fo as to raiſe them almoſt as high 9 
1 above the tio Plain at the other End, 411 = 


: ; the Difference of the Radius at A, and thac ar 
B; then lay the Body A B A upon them at D, 


where they muſt meet in an Angle, and it will 1 


roul up to C, if the Diſtance C C be no reat- 
er than the Diſtance AA. The Reaſon follows : 


When the Body is laid on at D, the Center of | 


Gravity, which 1 is in the middle of the Diameter 


B A, where it's cut by the Axis (Plate 1. Fig. 3.) Y . 


AA ( becauſe the Body is Regular and to AM 
neous) is higher than ir is when the Body ha 


rouled to C GC. Now becauſe the Center of Gra- = 
vit) endeavours to fall as low as it can, the Body = 


will roul to C C, where 1 it's lower than it was 
before, 


HE Body muſt be a double Cone of 
0 or any ſolid Matter, as in this Fi- 
gure. Set two long flat Pieces of 
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bellies; tho its Supporters be higher, as will ap- 
pear by holding arThread: horizontally from D 


to E; for if the Body touch the Thread when at 
'D, it will be below ir. when it has rolled to E. 


Prop. II. Theorem. 


What i is aid of the Deſcent of a heavy Body, 
is to be underſtood of its Center of Gravity ; be- 
cauſe unleſs the Center of Gravity can fall, the 
Body cannot fall, by the foregoing Prop. for the 
Body (Plate 1. Fig 7.5.) AB CD, which ſtands 
upon the horizontal Plane E C, cannot fall to- 
wards E, where it inclines; becauſe. its Center of 
Gravity E would riſe, which appears (Fig. 5 by 
drawing the Arch E F about tlie Point 5. But 
A B CD will. fall, becauſe its Center of Gras v1 
can 1 fall, ; as 4 Hg. 'S. 5 appears by Conſtruction. + 


$SCHOLIUM. 


. 7 Fl ja the firſt Impulle FS an ENG 
| Body downwards, is begun. at irs Center of Gra- 
 vity, and that the Center of Gravity endeavours 
to get as low as it can; a heayy Body muſt 
endeavour to deſcend in a Line (called the 
Line of Direction, as E G, C O) drawn from 
its * e .&f.- Gravity! to the Center Se the 
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| DE Earth, or Centrum Gravium, which is the loweſt 
| Place; and if ir cat move in the Line EG, by | 
3 freaſon of the Interpoſition of a Plain, (fo incli- © 
5 ned as not to hinder the Center of Gravity from 1 
3 deſcending) 'twill fall obliquely by fliding or 
© rolling, fo as to get into the Line of Direction | 
- „ + +. - 


Hence alſo will the Body D flide, and the Bo- 


dy F roll upon the inclined Plane A B C (Hg. q. 
to get to the Line CO, Parallel to its Line o 
Dee . 44 dicks n , 4 


H g. 5. and 6.) Hence alſo will Bodies ſtand 
firm upon an horizontal Plain, if their Line of 
„ Direction falls within their Baſis. Thus the Bo- 


. q 4 8 * r ———— -- - - — _—_ — 
— r Y — ˙ m 2: — ——ů ĩ —— — 
” 


* 


dy of (Hg. 5.) will ſtand, and that of (6) fall. 
A Bowl will cafily change its Place, becauſe its 
| Baſe being but one Point (Plate 1. Fig. 7.) it's | 
caſy for the Line f. Direction E G to fall out of 
it. This is the Reafon alſo, why it's almoſt im- 
poſſible to {et a ſtrait Stick or a Needle uprighgnt 
upon a ſmooth horizontal Plane, becauſe — 4 
= — 3 


4 <a Bp 4 


4 22 5 — — _ = 2. * 5 . = 
DD ns i hoc 


2 
þ 2 
* 
1. 
E 
* 
11 
_ - 
it 
14 
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” owl 
Lines af Direction E & fall out of their Baſes. 
What is ſaid of the Center of Gravity, may be 
alſo underſtood of the common Center of Gra- 
vit) of two heavy Bodies, as we ſhall ſhew in the 
Example | of the Balance. 5 


. N 
” * 
* 
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TS 2 eee engen 


of the BALANCE. 


Prop. 1 Therrene. 


** 2 E N A Balance has irs Dre of the E 
fame Length and Weight, the Power 


a | the TIO are equal. 


Prop. II. Probleme. 


'To ke. an Equildrive with: an horizontal 
Balance, (Hg. 8.) Let che Weight D be to the 
Power E as the Diſtance CB of the Power to 


the Diſtance A C of the Weight; and ſo vice 
Ver ſa. Thus will the Center of Gravity be 
OP under the Center * Motion. 9 


'E z 5 LOSS Prop. 


N luſpended, the W 


| T 28 J 
_ Prop, III. nee 


By increaſi ing the Velocity of the Power, 208 


Velocity of the Weight. is leſſened, 25 has been 
: ſhewed i in the $ tatera Romana. 


Br 6 2 IV.  Probleme. En . 


| Knowing the Weight * 2 Trey Bodies appli 
ed to the Ends of, Balance of known Length, to 


fend upon that Balance the common Center of Mo- 
tion. 


a —_— S 


Let A B ihe Balance FR . ches 


long, the Weight D twelve Ounces, E fix Ounces. 


To find the 57 Point whence the Balance being 


eight will hang in LEquiltbrio. 


Find a 4th proportional to 18. 6 :: 24: which 
will be eight Inches for A Gn that is, as 18 (the 
Sym of the two Weighits) is to 6 the leaſt. Weight, 


O 


ſo is twenty- four Inches (the whole Length of the 
Balance,) to eight Inches or A C the Diſtance of 
the fixed Point from that 2 of . Balance 
which has the biggeſt Wei 


Tho' this is true in the dene yet it A hold 


in the Practice won 4 Plate 1. Hg. 9. * Ba- 


lance 


— 


TR 7. 
lance A B, which we have ſuppoſed without Weight, 
cant be really ſo; becauſe the two Brachia arc 
not of the ſame Weight. Hang the Weight F = 
to D + Eat C, (which by Axiom 3.) won't 
alter the Effect of the two Weights DE. Then 
hang at I the Center of Gravity of the Balance, 


the Weight G= to the Balances Weight ; then 


2 Weights, at its Ends CI, find out O the common 
: ; Center of Gravity, as taught, e FG: G:: C 
%% ⁰ 


* Fnowing the Length and Weight of a Balance, 
* which has at one of its Ends, a Body of known 

* Weight; to find the fixed Point, about which the 
* Balance and Weight of the Body ſhall remain in 


Length of the Balance 12 Inches, 
ͥT Bal:  - 16 oz, 
1 Weight of ae 2 * 8 0e. 


* 


Sum of the Weights © 24 oz. 
Half Length of the Balance 6 Inches. 


find 


empty and alſo laden with ane Weights, Joo 


remain in Acquilibrio. 


te) 


find a a —— to 24: 16: :: 6: which 
will be four Inches for AC; that is as the Weight 
of the Body together with the Weight of the Ba- 
lance; ſo is half the Length of the Balance to 


AC, the Diſtance from the Ay of the SY 


ro the fixed Point. 


Prop. VL Prob. 4 
Ae to e 4 deceitful 8 which 7 | ; 


Fig. II.) Let the Length Ac be to B Cas 


the Weight of the Scale E, to that of the Scale 
D. The Equilibrium will be kept if the Scales 


are laden wit Weights, that have the ſame ratio 


to one another, as 11 to 12; but the Fraud will 


be detected by changing the Place of the Weights. 


b Jr T 
a 845 eee 


Of the LEAVER 
Prop, I. Theoreme. 


H E Leaver is edule to the Balance; ; 
1 the Weight an animate Power being the 
fine as the different Weights in the Balance, and 


i | the fixed Point the fame as the Center of Motion: 
Prop. II. 


The tie firſt Propoſitions of tle * e 
yy concerning the Legver. (Hg. 12, 13, 14, 
15.) Cis the Fulcrum, or fixed point; q E the 
| 1 Power applicd at B and D, the Weight applied 
AY R 12. 84 0 of the firſt Kind, as arc 
alſo Sciſſars, Pinchers, Huffers, &c. This Tos 

ver has the Power at one End, the Weight at the 
1 1 and Fulcrum in the Middle. N 

4 5 Is à Leawer of the ſecond Kind, as 
| 3 arc 100 the Oars and Rudders of a Boat, cutting 
| Knives fixed at one End, and Doors moving on 


Hinges 


Hinges. Theſe Leavers have the Wei 
Middle, the Power at one End, and the Fulcrum 
at the other. | 

Hg. 14 a 4 ob the third Kind, as 
are allo Ladders taken up by the Middle to be 
reared againſt a Mall. This Leader has the Power 
in the Middle, the Weight at one End, and the 
Fulcrum at the other. 8 
Ng. 15. IS a bended FF ery of the ehen 

Kind; but it may as well be reckoned à Leaver of 
- the firſt Kind, becauſe its Fulcrum is between the 
Power and the Weight; when you draw a Nail 
with an Hammer it becomes a bended Leader. 
Ng. IZ and 15.) In a Leawer of the firſt or 
fourth Kind, the Weight and the Power may be 

qual, as it muſt happen when A C is equal to 

BC. The Power may be greater than the Weight, 


[32] 


ght in the 


2 


25 when B-C.- 15 greater than A . or che Weight 


O 


greater than the Power, as when A C 15 Sreater than 

B 3 ns 
| 2 2 12:3 In a 1 of the ſecond Kind, the ; 
Weight mult be always greater than the Power, be- 
cauſẽ its Diſtance from the Fulcrum will be always 1 
leſs than the Power's Diſtance ; for wherever the 
Weight D is applied; AC will be a Part of BC, 
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and cherefore muſt always be les than its whole 


B C. 
Fig. 14. In a Leaver of the third Kind, the 
Power muſt always be greater than the Weight, be. 


* cauſe CE the Diſtance of the Power will always 


be leſs than AC, of which it can be but a Part. 
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right Angles, has 


N. B. In all theſe . an * 74 Te 
un. III. Thevreme. 


A Power which 2 or draws a Leaver at 


greater Effect then at obliquc 5 
Angles. 


DEMO NSTRATION. 
Bg. 16. Since the Forde of a Power depends 


' upon its Diſtance ſrom the firſt Point, and ſince 
(by Def. 9.) the Diſtance of the Power is 2 Line - 
9 8 perpendicular to the Line of Direction; it 
is plain by Conſtruction, that C B the Diſtance of . 
the Power applicd at right Angles, is greater 


than CF the Diſtance of it applied at obtuſe, Or : 


C the Diſtance of it applied at acute te Angles, and 
1 drawing towards I. 


. For 
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For ſince (by 15 Def: I. El: Eucl:) C F= 

CLS CE, and C L being Part of CB, (the Di- 
ſtance of the Power drawing at G, and applied 
at right Angles) is leſs than CB (by Ax. 9. I El.) 
Likewiſe C F and CK muſt be leſs than CB: © 
Therefore a Power applied at right Angles, has a 


O 


Mi | 


greater Effedt than it applied at oblique Angles 


N. B. CF is the Diftance of the Power E, 


| applied at B, and drawing at cf the 


Angle C B E and CK is the Diſtance of a 


1 K at the acute Angle C B I. 
Prop. IV. Theoreme. 


Power ſtill applied at B, and drawing in the Line 


Plate 2d. Fig. I.) If a Power, whoſe Line of 
Direction is perpendicular to a Leaver parallel 
to the Horizon bears up, by means of that Lea- 


ver, a Weight whoſe Center of Gravity is above 


the Leaver, it muſt be greater to bear it up, when 
the Leaver is horizontal, than when it is incli- 
ght raiſed ; and greater yet when 


ned, and the Wei 


O 


the Weight is lower, the Line of Direction of the 
Power always remaining perpendicular to the Ho- 
—— 11ZON ; 
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'Y 'F 35 3 = 
2 rizon. The Reaſon of this is, becauſe che Body 

7 does not hang freely from the Leaver, to which it 
is fixed; for if it did, the Diſtance of the Weight 
> would decreaſe | in the fame roportion as the Di- 
* tance of the Power does, of gn the Leaver is mo- 
ved out of its howzonral Poſition : That is, when 
the Leaver I B (where IC is the Diſtance of the | 
= Weight, and CB the Diſtance of the Power) is 
moved into the Poſition O D, and the Diftdnce 


of the Power at D becomes C N ( (by Def. 9.) the 
” Diſtance of the Weight would become C, if the 
Weight was to hang freely from E; but ſince the 
Body E OM is fixed to the Laborer, it endeavours 

to deſcend in the Line of Direction O L, drawn 
perpendicularly downwards from the Center of 
Gravity O, which cauſes the Diſtance of the Weight 
to be only LC inſtead of h C; and therefore the | 
* Body's Gravity decreaſing in greater Proportion 
than the Force of the Power, (which is a Weight 
chat hangs freely) the Body O requires a lefler 
Power to bear it up when it is fixed upon an in- 
dCdlined Leaver above the Horizon, than when that 
& Leaver is parallel to the Horizon. Likewiſe in 
the Leaver A K, if the Body O, or the Weight 
Vas to hang freely from F, its Diſtance would be 

5 E2 — 


1 269 

2 c decrialied i in the ſame Proportion as C Q tie 
Diſtance of the Power; but ſince by reaſon of the 
Boqdy's being fixed above the Leaver, the Linc of 
Dircction produced is K Og and irs Diſtance ; 
9 its Gravity muſt be greater, when by the In- | 
Ulination of the Leaver it is below the Horizon Mi 


___ 4 


Q. 
= Plate 24. Fig. 24) The inverſe Prop. is true 
,t... Geer of Gravity of the * 1 the 
| 9955 Leawver. 
IyIͥʒVñ 8 . Demonſtration of this 3 is the 
| ſume as the other, a Sight of the Figure is ſuffici- 
| ent; where you may obſerve that in the Leaver | 
AE the Diſtance of the Weight is MC, whereas it 
ould be nC if the Body ſhould hang freely; - Þ 
alêkanꝗd in the Leaver DG the Diſtance of the Weight . 
zs Cn, hereas it would be CM if the Body ſhould 
freely hang. 
If two carry 2 Weight upon, or hanging from 
the Middle of a Leawer, he carries moſt Who is 
| neareſt ro rhe the Weight. (Vide 3d and 4th Fig.) | 
Of the Leaveror Balance, i is meant what Archi- 
medes (aid of his lifting up the whole Earth if he 
had a Place to fix his Inftrument ; and it was by 
= _ theſe Powers that he is ſaid to hayc lifted the Ro- 
ä man Ships. Of 
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Plate 2. Fg. 7. 


eee eee eee eee eee 


Of che PVL IE x. 
| Prop. L 2 heoreme. 


HEN a Power by £ ſeve- 
ral Pullies draws up a 


: Weight, the upper Pullies are Leavers of the firſt 
7 Kind, and the lower Pullies Leawers of the ſecond 
Kind; for in CE and B H, the Powers are applicd 
at E and , the Weight at C and B, and the Fal- 
cra are in che Middle O; but in I K and EG, the 
Powers are applicd at I F, the e at 0 and 
| K G are the Fulcra. 


Prob. II. M 


Plate 2. Fig. 5.) An upper Pulley adds no 
Force to the Power, becauſc it is a Leaver of the 
firſt Kind, with its Fulcrum juſt in the Middle; and 
in ſuch a Caſe the Velocity of the Weight is not di- 
miniſhed, and conſequently that of che Power not 
increaſed. 


-P rop. 


[ 38 ] 


Prop. III. Theoreme. 
B 6. ) A lower Pulley takes off half the Ve- 


locity of the Weight, and ſo doubles the Force of 


the Power; becauſe whilſt 10 moves one Foot, 5 
moves two Foot. | | 


Prob. IV. There 
Fig. 7.) As one is to the N umber of che Parts 


of the Rope applied to the lower Pullies, ſo is the 


Power to the Weight. Ex. Cr. If the Hand 
can raiſe but ten Pound without an Engine, it will 


by the Help of the Pullies, [ Fig. 7.] be able iP | 


raiſe forty Pound; or one Mak +I anging at A 


will keep in quilibrio four Pound I at 
the loweſt O, orin the Placc of the Body P. 


Prob. V. 1 
What a Tower by a Pulley gets in e it 


loſes in Swiftneſs, as it docs by all other Engines. 
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eee A IEA EAN CANA CASE 
Of the AxLE in the Wu xxx. 


Prop. E. Theoreme. 
. ig 8. A $ the Nadin, of the OST to + the No. 


dius of the Wheel ; ſo the Power to 
the Wapfi: That is, as C D to AB, ſo is the 
Power applied at A to the Weight; or rather, as 
the Circumference of the Wheel = Velocity of the 
Power = is to the Circumference of the Axis = 


Velocity of the Weight = =, ſo is the Weight tO the 


Power. 
"CO R 2 L L 


Plate 2. Fig. 10. ) This is obſerved in \ Watches, 
Fe the Radius of the Wheel in the Fuze in- 
creaſes, as the Force of the Spring is weakned ; 

that the Axis of the Fuze may be always turned 


round with the ſame Force. When the Spring "= 


Strongeſt it draws at A when weakeſt at B. 


Prop. II. Theoreme. 


An Axis in Peritrochio is a Leaver of the firſt 
Kind A 5 the Radins of the Wheel being the Di- 


ſtancc 


L 40 1 
ſtance of the Power; and CD the Radius of the. 
Axis being the Diſtance of the Weight. Fig. 8. 
1 By the Multiplication of Wheels, an Hair may 
© draw up an Oak by the Roots. 
| To this Power are reducible, Whinbles, Angors 
= Windlaſſes 77 Tepans, &c. 
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= Of the W E D G E. 
1 

7Þ | 5 

14 |; 


[ 
1 Fig. II. A Wedge | is the moſt Simple of Me : 
5 chanical Engines, and is a ſolid Tri 
Ii angle; uſually of Iron, to ſlide againſt the Parts of Þ 
1 the Body it cleaves. — 
To underſtand the Power of the Wedge, one of 
I the two flat Sides which incline to one another, is 
I to be look'd upon as an inclined Plane, and the o. = 
| ther as an horizontal Plane; and we muſt con- : 
cCcleive that by the help of this inclined Plane, a | 
E ..-: ſhall raiſe a Weight, which without this En- - 
[ 5 . it could not ſo much as bear ua --- Fo 
po Fig. 15.) Let the Triangle DB C, Rectangu- f 
| lar at B, repreſent a Weage, D the Point or Edge of 
YI C the Head; and to be more ny under- | 
= | ſtood, 


TAB. V. Ha. 
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I] 
ſtood, let D B the Length of the Hedge be twice 
its Height B C, and the Baſis B D perfectly 
Smooth, ſo that being applied to the el 
Superficies A 3. Which alſo I ſuppoſe perfectly 
Smooth, the Wedge DB C may flide upon that 
; horizontal Plane A B, without any Difficulty. Then 
again, let us ſuppoſe that the Weight E be hindred 
from going to A by the Plane H 1K per pendicu- 
lar to "the Horizon, which yer docs not hinder the 


' Wedge from ſliding along the horizontal Plane A 
B, when it ſhall be drawn or puſhed from B to- 


wards E, by a Power whoſe Line of Direction is 
parallel to the Horizon. If then the Power puſhes | 
the WedgeD B C regularly from B towards A, in 
cauſing 1 it to ſlide upon the horizontal Plane A B, 
it will cauſe the Weight E to riſe up by 9 
: regular a Motion, that its Center of e 
E will never. 80 out of the Line EF 
pendicular to the Horizon; ſo that 3 — ; 
the Point B ſhall come to D, the Point C to E, 
and the Point D to G, (chat is, when the Wedge 
D B C ſhall be in the Poſition G D F the 
Weight E by the Reſiſtance of the Plane A ILK 
ſhall” have been forced to riſe by the inclined 
Plane 8 D, or 12 G, which will have puſhed it 
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| ner r ; fo that it will have riſen the 
whole Length of the Line D FE, when the Power 

ſhall have moved the Length of the Line B D or. 

GD, which is twice D F by the Suppoſitron. 


Since then in this Sappoſition the Power has 


double the Velocity of the Weight, it ought to 


have double the Force of the Weight ; therefore 
it needs not be more than halt the relative 
Weight of that Pondus upon the inclined Plane 


CD to be able to bear it there; according to 


hat general Law of Mechanics which we have 


taken Notice of in the foregoing Engines (via.) 
that the Power increaſes proportionally as its Ve- 
locity increaſes : Whence we may caſily con- 
clude, that when a Power whoſe Line of Directi- 


on is parallel to the Horizon, ſuſtains a Weight 


by the Means of a Wedge, whoſe Baſis. is alſo 


parallel to the Horizon, that Power is to the 


Weight it bears up : : as the Height of the Hedge 


to its Baſe. 


2 
* 
* 
? 1 


Hence the ſharper the Wedge is, the more eaſi- 
bf wt e eegas ee Slity JE 
wer [ Fg. 13. Plate 24] will be greater in 
proportion to FE, that of the Weight; and when 


. 


this Wedge ſhall be uſed to cleave a Body, as 
AB CB, the more the Planes EF G O which 
make up this Wedge, are inclined to one another, 
the more caſily will the Parts E G flip along the 
J. ( 
N. B. EF O muſt be taken for an inclined, and 
GO for an horizontal Plane, and the Reſiſtance 
that the Body A B C D makes in its upper Part 
when it is diſunited from its lower, may paſs for a 
Weight, whoſe Line of Direction is perpendicular 
to its lower horiz,ontal Part CDP). 
This which is true in the Theory, would hold in 
the Practice if the Plane of the Wedge, and that 
Plane whereon it ſlides were perfectly Smooth, and 


| - the Weight truly Spherical ; but ſince there cannot be 


of ſuch a Mathematical Exactneſs, the Practice 
| won't hold; therefore Percuſſion is applied, which ts 
| the only eſfectual Means, becauſe the Parts of the 
Wedge will ſtick leſs when the whole is put into 4 


Tremulous Motion. 


gcc HOLD 


Ihe Reaſon why a {mall Hammer with a vio- 
lent Blow, will not have ſo much Effect as a 
V 


ſmall Blow with a Hedge, | 15, that a e age with N 
a ſmall Force added to its Gravity, will have 
more Motion downwards, than a little Hammer 
with a ſwift Blow, becauſe the Motion is in a ra. 
tio made up of the Pondus of the Velocities. 
Plate 2. Fig. 13.] TheWedge may be reduci- 
ple to the Leaver: Thus C D A is as two Leawers 
of the firſt Kind, whoſe fixed Points are at BB, or 
rather as in Fg. 14. it repreſents two Leavers of 
the ſecond Kind, whole Fulcra are in the com- 
mon Pont A: D-4. SI 
Ihe Weights to be moved at C, and the Pow- 
ers applied 1 . V 


To this Power are reducible Nails, Bodkins, 
Hatchets, Knives, Saws, Files, &c. being Wedges 


faſtened to Leavers of the ſecond Kind. 
ES EBH EBV ERC Ml ARIES ee ee 
Of the Screw. 


HE Screw is nothing but a 
1 Meage continued round a 
Cylinder in a Spherical Manner; the 2Male-Screw 
AB is an outſide, and the Female-Screw C D an 
inſide Screw. _ 8 To 


Plate 2. Fig. 17. 


To ſhew better how the Screwo works, ſuppoſe 
the Weight E to move upon the ſolid Triangle, 
D CB from E to C, it will be the ſame thing as 
if the ſolid Triangle had moved under it, and for- 
eed it up to F, where it muſt go, becauſe the 
g in a- 


N vertical Plane H I K Lhinders it from riſing in a 
ny: other Line beſides E F. Now, becauſe the Pow- 


er has moved the whole Length of the Line CD, 
and the Weight only that of the Line EF, the 

| Lower muſt be the Weight : : as the Length of 

the Line EF, which is the Velocity of the Weight, 


is to the Length of the Line D C, which is the 
Velocity of che Power. . 8 


\ 


* 
n 


the Screw, we muſt look upon the Height of the 


Cylinder HIP Q as the Velocity of the Weight, 


and the Thread HK LMNOP (if its He- 
lexes were unwound and laid at full Length) as 
the Velocities of the Power: Therefore by the 


Force of a Screw, the Gravity of a Weight, or a- 


ny other Preſſure will be leſſened as much as the 


Sil Line HEL MNOP, & greaer cha 


Hor I the perpendicular Height of the 
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Bg. 16.] To eſtimate. therefore the Force. of 


Wal + 
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Hence the chiſer the Thread of the Screw, the - 


greater will be its Force, becauſe its Thread will 


2 longer in proportion to its Height, andi it will 7 
move che lower. 


7" SCHOLIUM. 


IIR long Leavers be added to the Serute its 
Force will be Kill increaſed after the manner 
that was ſhewed 1 in the Explicarion of the Lea- 
Ver. 
The Advance of this er ani Faculty is, 
that whereas other Mechanical Engines my to 
act, and the Weight returns when the Power does 
not continue to act; this ſuſtains the Weight, and 
retains all the Force chat was communicated to it, 
when the firſt Mover ceaſes to act, becauſe the | 
Weight preſſing the Cylinder along the Axis, 
puſhes the Threads of the Male-Screw againſt 
thoſe of the Female-Screw; whereas an Helical 
Motion is requir d to unſcrew ſo much as is 
ſcrewed up of the Inſtrument. Now in other En- 
gines, a Pulley, for Example, or Leaver, the 
Weight will return as ſoon as the Hand ceaſes to 


pull 


11 


| pull the Rope, or preſs upon the End of the | 
Leaver. 
Plate 2. Hg. 9] Bur then thee is this Diſad. 
vantage, that a Herero is ſcrewed up as far as it can 
go in a little time, which Inconveniency may yet 
c remedied in compound Engines, if you make 
it a perpetual Screw and apply it to a Wheel, as in 
| the gth Figure, where the perpetual Screw CD E 
| fixed to the Cylinder AB takes the Tecth of the 
| VWhed E, and turns it continually the ſame way, 
till it has by means of its Axis draun up the 
IJ Weight G, tho ever ſo diſtant at firſt. 

| That this Power i is reducible to a Leaver, ap- 
pears from its being a Wedge, which we have 
ſhewed to be made © up of two Leavers of rhe firſt 
or ſecond Kind. 


Se oo - 
Of the Laws of NartuRE. 


7 H E Firſt La of Nar vn, is, that 
all Bodies endeavour to preſerve them. 
38 ſelves in the ſame State, either of Motion 


or Ref. So chat if the Body be at Reſt, it never 


comes 
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it ſelf from one Figure to another; after the ſame 
manner it can never change its Direction, but will 


— — 


Be 


comes of its own accord to Motion, but muft 
have ſomething to move it; and if it is once in 
Motion, it endeavours to perſiſt in that Motion, 
always according to the ſame Direction in the 
ſame ſtrait Line, nor can it be ſtopt but by a 
Force equal to the Force of its Motion. This is 
plain, for Bodies being of an unactive Maſs of 


Matter can acquire no Change or Mutation of 


their own State and a Body can no more change 
its Motion, and come to Reſt, than it can change 


2 


always continue to go forwards in the ſame ſtrait 


Line. But whatever 2 is made in a Body, 
muſt be by ſome extrinſical 
dy ever changes its Direction, there muſt be ſome 


Agent; and if a Bo- 


external Agent to make that Change of Direction, 


and if it were left to it ſelf, it would always 
move uniformly forward in the ſame ſtrait Line: 


It a Body move in any Medium, it muſt neceſſarily 
thruſt away Parts of the Medium that are in its 
way; and therefore ſince whatever Motion it 
communicates to them, it muſt loſe it ſelf. A 
Body that moves in the Air muſt continually loſe 
of its Motion; whercas if there was no Gravity, 
| RET: I nor 
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nor any Air, a Stone once thrown up would g 
on in infiuitum, without loſing irs Motion. The = 
Air then is the only Cauſe why Bodies loſe of 
their Motions when thrown up, and Gravity 
is che only Cauſe which brings them to the 
Earth. * CLI TR FEED 
In the Heavens where whe: 1s 'otreding 8 
ree. to nothing, the Planets | 
preſerve their Motions. without the leaſt ſenſible 
Dim inution: From hence we know the way how 
Motion is communicated to Bodies; for when "5 


O 


Man holds a Stone in his Hand, the Stone parti- 


£ CIpares o of the Motion: of his Hand, becauſe being 
in it, is moved with: the fame Velocity as the 
Hand is: Now by this Law of Nature, a Body 
once put in Motion, will always endeavour to 
go forward according to the ſame Direction. And 


8 


therefore, when the Man draws back his Hand with- - 
out the Stone it having once had a Motion forward, 
will always endeavour to continue in it. Becauſe 
all Bodies affect to move in a ſtrait Line, there 
| ruſt neceſſarily be ſome Force to make them move 
in a crooked. This Force may be either a String, 
by which they are tied to the Center of their Mol- 
on, or by ſome other dn gare Force, ſuch as Cra- 


N. — 1 8. | wvity, 


„% ĩ ͤ i 

%, which continually preſſes them towards the 
U —!.!. . amo 66 
Plate 3. Fig. 3.] Suppoſe a Body put in Mo- 
tion at A, it will endeavour to move in the 

ſame ſtrait Line A B but the Force of Gravity Þ 
continually preſſing it towards the Center, that is, 
from B downwards, or in a Line perpendicular to 


the Earth, it will move in the Diagonal of the Þ 


Parallelogram C if you fill it us. 
Plate 3d. Fig. 6.] When the Bomb is by the 


Force of the Powder thrown out of the Mortar, 
it endeayours by the Firſt Law of Nature to go 
on in the right Line ce; but Gravity acting up- 

on it in the Direction eb, makes it move in the 


Line c, Diagonal of the Parallelogram, contain- 
ed under Ta deal that is (ſuppoſing two 
other Lines to be drawn = and to the ſaid 
- Lines ceeb) by a Motion compounded of the 
Force puſhing towards 4 from c, and that which 
puſhes towards h ff r. 
Then the Bomb would by the Firſt Law of 
Nature continue to go on towards 4 in. the Line 
dg, being the aforeſaid Diagonal produced; but 
Gravity acting upon it in the Direction g f, 
makes it by a compounded Motion go on in the 


Dia- 


P 


Diagonal bf of the new Parallelogram contained 
under a g g/, and ſo on till it comes to the Point 
H. Nou ſince the firſt Vnpetus and Grawty does not 
| att alternately, but at the ſame time all the while 
the Bomb moves, we mult ſuppoſe the ſaid Dia- 
gonals (in which the Body moves) to be infinite- 


ly ſmall ; and then all of them together will 


make up the Curve c b f h, called a Parabolick 
| Line, in which all Proſectiles move. 
Ihe ſwifter a Body moves in a Circle, the 


ſtronger is its Endeavour to move in a ſtrait 


Line, and the more the Thread will be ſtretched. 
by which it is kept in; the Force by which it 
ſtretches the Thread is called Centrifugal Force (as 

is caſily ſcen in Hings) and the Force of the 


Thread which detains it, muſt be juſt equal to 
this Centrifugal Force; but if 8 or any o- 


ther Cemripetal Force detains the Body in its Or- 


bit, the Centripetal Force muſt be juſt equal to 


the Centrifugal, that the Body may be kept in 


the {ame Circle. „„ : 
If a Body lye upon a Table, and if the Ta- 
ble be moved, at firſt the Body will not partici- 
pate of the Motion of the Table, but will ſeem 


to go the contrary way; as is plain from a Veſ- 
— H 2 — 3 
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f of Water ſet upon a Table; but after that 
| Motion is once communicated, if you ſtop the 
| Table ſuddenly, the Body lying on it will con- 
1 tinue its Motion. If a round Table parallel to 
| = the Horizon, be turned round an Axis, and a 
Bullet by the Help of a Thread made faſt to the |? 
Center, ¶ Plate 3d. Fig. 5.] tho the Thread be 
| RE. 2.6.2 the Table being turned round. 
| the Bullet at C will recede. from the Center and | ö 
1 ſtretch the Thread as at D; if the Table be ſtopt 3 
3 on a ſudden, yet the Bullet will for ſome time 
i Continue its Motion; if the Bullet be not Put up- 4 
on the Table, but hang down by the Thread, as 
in the Poſture A B, after the Table is turned 
round the Thread will not keep its perpendicular 
Poſition, but will ſettle it ſelf in the Poſition A , 
me Centrifugal Force acting againſt the Force of 
Gravity, and making the Body recede as far as 
it can from the Comes of Motion. 1 
I a Glaſs Tube be laid or faſtned to A Kahle; =_ 
in which near the Center be put a ſmall Bullet, 
when the Table is turned round we may obſerve 
the Bullet to recede from the Center towards the 
Circumference, and: Wola its Motion. 


Beſides 
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Beſides this, it will go againſt the common Law 


; if Gravity, and move upwards if the Tube be ſer f 


llanting upwards on the Table, being firſt fixcd 


to a Piece of Wood, repreſented in Fig. 4. Plate 
3. and it will ſtay at the upper End of the Tule 
beyond, As long as the Table is continued in its 
ſwift Motion; but when that ceaſes it is preſſed 
down 775 by its own Gravity to G. 


The fame is obſerved when we put C Globules of - 


Mercury or Water in the Tube. If we fill the 
Tube with Water, and put a piece of Cork in the 
End 'of it. which is next to the Circumference, 7 
we may obſerve. that after turning round the = 


ble, the Cork will go from the Circumference to- 


wards the Center; for the Water being more 


O 


Denſe, or Conſiſting of a greater Quantity of 

Matter, than the Piece of Cork of the ſame bulk, 

ic will have a. greater vis Centrifuga, or a ſtron 

Conatus recedendi a Centro than the Cork has; and 
| conſequently the Cork which has much leſs Force, 
will be puſhed by the Water which has a enter 

| Force rowards the Center. 


ger 


Th Sort L xw of NATUR E, is, „kat the 


Motion produced, Or the Mutation ED Motion, is 


Al ways | 


4 


' 


LES 


always proportional to the Morion impreſt, which | 
generates the Motion. A double Force will pro- 
duce a double Quantity or Momentum of Moti- 


on; and a triple Force, a triple, &'c. and this 


Motion will always be according to the Directi- 
on of the Force which impreſſes it; and if the 


Body was moved before this new Motion ariſing 


from this new Force, it will either increaſe its Mo- 


tion, if it acts according to the ſame Direction, 
or diminiſh it, if it acts in a NT Direction; 


or if it acts obliquely, it alters the Pirection, and 
turns the Body moved another wax. | 


* 


If a Body be once put in Motion by the Firſt |. 


Laco, it ought always to go on with the ſame 
Velocity, and in the ſame Direction; but if a 


new Force, equal to the former, act again upon 


it, according to the ſame Direction its Motion 
will be encreaſed doubly. If, again, the ſame Force 


M : acts, its Motion will be 
WIR cozz wle of che fre Ge. 
0 | WY Thus if A was put in Mo- 
a 8 | | 1 5 ; 
WW tion towards B, having 


6 — 
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Once acquired an Impetus that way, it woul ab 
ways continue in it; but if we ſhould ſuppoſe 
that when the Body comes to C, that the ſame 
c —— —— 
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Force acted again upon it, it would produce a 
Motion equal to the former; and both of them 
put together will be double of the firſt. Again, 
when the Body comes to D, if the ſame Force 
ſhould act again upon it, there would ariſe a new | 
Quantity of Motion equal to either of the for- 
mer, and the whole being put together will be 
triple of the firſt Motion. If, again, when the 
een neee Force Ade upon in 
{ it would again produce more Motion, which 
{ would be equal to the firſt; and fo the whole 
Motion ariſing from all theſe Actions put toge- 
ther, would be Qadruple with the firſt. If this 
Force thus acting imprinted: equal Degrees of Mo- 
tion at equal Intervals of Time, the Motion pro- 
duced, and conſequently the Velocity will be as | 
the Times when a heavy Body deſcends ; Gra- 
vity acting upon it at firſt, gives it a Motion 5 
downwards: Now if the Body a 
ever after to be heavy, yet the Body will go om | 
in the ſame Direction, and with the ſame Veloci- 4 
ty by the Firſ# Law; but then in the ſecond In- 
ſtance of Time, the Body is heavy, and Grawity 
continues to act, it will again produce a Moti- 
equal to the former. Fo Eine 7 15 
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ſhould act again upon it, there would ariſe a new 


Quantity of Motion equal to either of the for- 


mer, and the whole being put together will be 


triple of the firſt Motion. If, again, when the 


Body comes to E, the ſame Force acted upon it, 


it would again produce more Motion, which 
would be equal to the firſt; and ſo the whole 


Motion ari Ing from all theſe Actions put toge- 


ther, would be Qadruple with the firſt. If this 


Force thus acting imprinted equal Degrees of Mo- 


tion at equal Intervals of Time, the Motion pro- 

| duced, and conſequently the Velocity will be as 
the Times when a heavy Body deſcends ; Gra- 
vity acting upon it at firſt, gives it a Motion 


downwards : Now if the Body ſhould ceaſe for 


| ever after to be heavy, yet the Body will go on 
in the fame Direction, and with the ſame Veloci- 
ty by the Firff Law; but then in the ſecond In- 
ſtance of Time, the Body is heavy, and Grawity 
continues to act, it will again produce a Moti- 


equal to the former. . 
Juſt 


Force acted again upon it, it would produce a 
Motion equal to the former; and both of them 
put together will be double of the firſt. Again, 
when the Body comes to D, if the ſame Force 
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Juſt ſo if the Body ſhould: for ever ceaſe to 


be heavy, yet it would ſtill continue its Courſe 
with the two acquired Degrees of Velocity; but 
then Gravity acts the third Inſtant of Time, Al. 
ter the ſame manner it did at firſt, and makes a 
Motion cqual to the firſt Degree, and therefore 
the Sum of the whole will be triple with the 
firſt. After the ſame manner the Motion the 
fourth time will be Qaadruple of what it was 
the firſt Inſtant, and ſo the Motions will always 
increaſe the Times. This is the Reaſon why we 
find Bodies in their deſcending accelerate their 
Motions. -.. When Bodies fall, the Spaces through 
which chey deſcend, are the Squares of the Time 
they take to fall in, always ene from the be- 


ginning thus. 


” Plate 3d. Fig. 7 and 8] 1f in the firſt Mi- 


nute of Time a Body falls through a certain 


O 


Space, at the End of 255 ſecond Minute it will 
have deſcended four Times in that Space; in the 


End of the third Minute it will have deſcended 
nine Times that Space which it did g0 through i in. 


the End of the firſt. So if the Times be taken in A. 
rithmetical Progreſſion of 1, 2, 3, 4, 5, 6, then 
5 the 1 through which the Bodies will have 


deſcen- 


. 


firſt Time or Minute, and the 7 8 0 N 


1 


1 nl at che End of theſe Times, will TY a 
12:45. 9, 1625, &. It it be ee: how. far 
the Body moves in he ſecond Minute? It will 
have moved juſt three Spaces; for it had moved 
thro' one in the firſt, and ſo likewiſe in the third 


Minute twill have e thro' five; for at the 


End of the ſecond Minute it had moved thro' 
four; take four from nine, and there remains 
tive. Zi ö 5 
The two rectangular Triangles af * 4; made 


O 


up of other rectangular Triangles, repreſent the 
Spaces gone thro' in a determinate Time, each 
ſingle Triangle denoting one Space: As for Ex- 


ample; in the upper Figure marked 7, it we ſup- 


poſe a falling Body to ſet out at the rate of one 
Mile in one Minute; let the NY. I. and the Per- 


pendicular of the little 2 at op expreſs the 


Baſe of the little Triangle expreſs the Velocity, 


which always is at the Times ; and let the whole 
Triangle expreſs one Mile that the Body fell the 
firſt Minute; then if you conſider that the Body 


o the 


having fallen four Times, the Line expreſſing 


Time muſt be the Perpendicular of the great 


Triangle, which L is four times greater than that of 


[ 7 the 


I. and the 


of its Weight it will preſs upon 
with the reſt it will deſcend as faſt as it can a- 


1 


the little upper Triangle: Likewiſe the Line ex- 
preſſing the Velocity muſt be in the Baſe of the 
great Triangle, which Baſe is four Times greater 
than the Baſe of the little Triangle; and the 


whole Triangle will be the Sum of the Spaces or 


Miles gone thro' in four Minutes, which will ap- 


8 


pear by dividing it into little Triangles equal to 
the firſt. A Sight of the Figure will eaſily teach 
how to know the Miles that the Body has fallen 
thro' in any Number of Minutes or Times. 
If a Body | Fig. 10. Plate 3. ] as A lies upon 
an inclined Plane, it endeavours to deſcend Per- 
it, with part 
the Plane, and 


* * 


pendicular, but the Plane 1 


long the Plane; but it will not accelerate its Moti- 


on ſo faſt, as if it did all along deſcend Perpen- 
dicularly; thus in falling from B to C, it takes 
longer time than if it had gone directly from B 


* 


to D in the I, fo that at the Point C it will have 


as much Velocity in falling from B to C, as it will 
have at D, in N from B to D. The leſs 


the Plane is inclined to the Horizon, or the 


nearer it comes to the J, the faſter it will accelerate 


its Motion. 
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Fig. 11] Thus it will fall ſooner from B to 


6. than from B to C, and ſooner from B to E, 
than from B to F; lat. in falling from the fame 


Point B to the Polk DEFG "ol the Degrees of 


Velocity acquired are all equal, tho they be ac- 
1 gow in unequal Times. J. C. Suppoſe B C 
three Times longer than B D, the Body will go from 

B to D in the third part of che Time chat it goes 


O 


in the Plane of BC from ;; to C; but the Veloci- 
ty acquired in che deſcending from B to D, is 


O 


the ſame that is acquired in the deſcending from 

B to C, and therefore it will accelerate its Motion 
in the Line B D three Times faſter than 1 in the Line 
BG: 


If a Body 1 in falling Gat. B to D acquire any 


Degree of Velocity, and with that Velocity be 


turned upwards, it will juſt aſcend to the ſame 
Height from whence it came, and Gravity act- 
ing upon it will leſſen continually 3 irs Velocity, 
in the ſame proportion it increaſed before in de- 


ſcending, and after it has come to the Point B it 


will immediately deſcend again: After the ſame 
manner, if having fallen along B D [Plate 3. 


O 


Hg. 12. it be turned up on the inclining Plane 


DC with that |. Vedoouy which it acquired in de- 
3 — eilig. 
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ſcending, it will jaſt e 90 to the lame Height from 15 
whence! it fell. 


Fig. 14. ] If a Body B hanging by the String 


A B down towards E, be rhoved from: B to D. = 
and from thence let fall, it will continually acce- 
lerate its Motion till it comes to the Point B or 
E; and then with all' its Force it will go into the 
Arch B C to the Point Cof the ſame Height with 
the Point D from which it fell, and then at the 
Point C it will deſcend to D, and there it will 
have the ſame Velocity as it had before at B,; with 
which it will aſcend to D and ſo make Vibrations 
continually. The Body fo hung by a String is 
called a Pendulum. Suppoſe a Circle, whoſe | 
Plane is L to the Horizon in which were drawn 
ſeveral ſmall Subrenſes B D, BE, BF from the 


lower-moſt Point B, [Plate 34. Fig. ↄth.] the 


Body will deſcend in the {ame Time along the Line 

B D, from D to B, or along the Line F F B, from 
F to B. 

The Reaſon is his: tho' the Line FE B is 1on er 

than the Line B D, yet it is alſo more I, or fes 

inclined to the en and conſequently the 


Body will accelerate its Motion faſter upon the 


Line BF, — upon — Line B D; becauſe ſmall 


Arches 


"> 


[ 81 |] 


| Arches do not differ much, either in Declivity or 
Length from their Chords. Bodies will very near- 


ly deſcend in the ſame Arches of Circles, that 


they will do in the Chords of thoſe Arches; but 
Bodies deſcend in the fame Time thro' all thoſe 
Chords, whether a be greater. or lefler ; and 


conſequently tne Vibrations of the ſame Pendu- 


lum, whether it run out in a greater Arch, or leſ- 


{er, ü are all performed | in the ſame time. 4 


Plate 3. Hg. 16.] Let A fall from 8, and B 
from q4, the Velocity with which A will be moved 
| being ſo much greater than that of B, they will 
both meet equally at the Point C; the ſhorter the 
Strings are, the quicker are the Vibrations; be- 
cauſe the String is as the half Diameter of the 
Circle; and ſo the leſs the String is, tlie leſſer the 


Circle will be; and conſequently the leſs the Cir- 
cl 
2 


Tue Third Law of NATURE, is, that A- 
C.ition and Reaction are always Equal and Contra- 


ry, 1. e. the Actions of Bodies one upon another, 


are cqual, and the Force impreſt is always directed 
towards contrary Parts; ſo that the Mutation of 


Motions 


e is, the quicker the Body will be moved round 


1 
15 
4 
* 
1 


= tn 


Motions, which thoſe Actions produce are equal. 
This Law will be illuſtrated by ſeveral Exam- 
'@ | ( STELLA c / ples * Firſt, if the Bod) = - 
888 f e 1433 moving towards "= meet 
with Bar Reſt, whatever Motion the Body B gets 
by the Impulſe, ſo much preciſely will the 
Body A loſe. J. G. If the Body A have twelve 
Degrees of Motion, and after the Impulſe B 


55 have five, then A will have but ſeven. remain- 
ing; and therefore there will be equal Mutations 
, Motion in both, and the Effect will be the 
lame, as if a Force equivalent to five Degrees 

of Motion acted upon A towards C, contra- 

ry to its former Motion, and another equal to it 
acted upon B impelling it towards C; and univer- 
ſally when one Body hits another, the Stroke or 
Blow is equally received in both, and it is always 
proportionable to the Motion loſt in Percutient 

Bodies. If an Horſe draws a Stone which is tied 

to a String, the Force by which the Horſe is pul- 
led back towards the Stone, is equal to the Force 
by which the Store is drawn towards the Horſe ; © 
tor the Rope being equally ſtretched by the ſame = 

Power it has to contract it ſelf, will put equally 

the Stone towards the Horſe, and the Horſe to- 
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towards the Stone; and therefore the Force of At- 
traction in the Horſe and in the Stone are both e- 
qual; but ſeeing the Strength of the Horſe $10 
great, and aſſiſted by the Ground on which he _ 
ſtands, that he can rcfiſt the Attraction of the 
Rope, he will not in the leaſt yield to the At- 
traction of the Rope, nor be pulled out of his 
Place; but the ſame Stone which has ſo great a 
Force of Refiſtance, will be drawn towards the 
Horſe. If the Magnet or Load-Stone attract Iron, 
the Iron will likewiſe equally attract the Load- 
Stone ; this may be ſeen if you hold the Von in a 
fixed Point, and the Load-Stone hang in a Scale, 
or be ſuſpended by a String. The ſame thing is 
true in all other Attraction. „ 
Plate 3. Fig. 18.] Suppoſe two Boats A and 
B floating in the Water, and a Man in one of 
them. V. C. A, by the help of a Rope, pulls 
the Boat B towards him, and that by that Attra- 
Cion not only the Boat B carries to A, but alſo 
the Boat will be equally drawn to B; ſo that the 
Quantity of Motion will be equal in both; and 
if the Boats be of the ſame bigneſs and weight, 
they will meet at E the Mid-way between A and 
B. But ſuppoſe B Io Times greater than A, = then B 
: will 


Tar 


will have 10 „ leſs Vece ten A, and the 
Boats will meet not at E but at D, ſo that DG 
will be 10 Times longer than F G; if B is 1000 
Times greater than A, they will meet at t the Point D, 
which will be ſuch, that GD will be 1000 Times 
greater than D F, 1nd conſequently it ought to 


have ICOO Times. leis Velocity, ſo as to make 


the Momentum equal in both. If B be vaſtly 


greater than A, its Velocity will be vaſtly leſs, 


and altogether inſenſible. If a Man in A by 


the help of a Pole, thruſt the Boat B from him 5 


towards H, by that thruſting the Boat B forward, 


the Boat 4 will be thruſt backwards towards K. 
So that that there will be equal Quantities of 


Motion in both towards .contrary Parts; and 


therefore if B is 10 Times greater than A, B will 
move rowards H with 10 Times leſs Velocity than 


As, which moves the contrary way towards K, fo 
= chat the Quantities of Motion in both are equal. 
If B is immenſely bigger than A, its Velocity will 
be leſs than A's in the ſame proportion, and 
conſequently its Velocity will be altogether in- 


ſenſible in reſpect of 45 and may be eps 
as none. 


0 6 ] 
R. 15. Plate 3d. And enen if" 2 Man in 
24 2 thruſt the Farth or Shore from him, the 
Boat by this thruſting will recede from the Shore; ; 
for the Shore may be conſidered as a prodigious 
great Body in reſpect of the Boat, and conſcquent- 
Iy its Velocity will vaniſh and be equivalent to 
nothing. When a Boat is rowed with Oærs, the 
Water by the Motion of the Oars is repulſed back 
to C, and therefore will re- act upon the Oars, 
and give to the Boat, to which they are fixed, a 
Motion towards D; and it is only upon this Ac- 
count that the Boat advances forwards ; for if there 
was no Re- action, and the Water by being thruſt 
back did not give the Boat a Motion forwards, they 


muſt ſtand ſtill, becauſe there would be no Cauſe for 


its Motion; 'bor now ſince the Water re-acts upon 
the Oars, it communicates by its Reaction, as 
much Motion to the Boat torward, as the Oar did 
to the Water backward. | 
Since Swimming is nothing but Rowing with 
our Hands and Feet, we may cafily underſtand the 
Reaſon why by 3 Motion of our Hands and 
Feet we advance forwards ; for when the Water is 
thruſt backward, it by Re-action will repel the 
Stormmer forward. Likewif: when by the Motion 


= Ws 


4 


of our Hands we thiult the Water 8 it will 
by Re. action force us upwards. 5 
And the ſame thing is to be applied to the 
Fhing of Birds, which is nothing clic but Hin- 
ming in the Air. The general Rules that all Bo- 
dies obſerve in their Motion is this: The Sum of 
their Motions towards the ſame Part, (which is 
known by taking the Sums when the Fodbes move 
the ſame way, and the Difference when they move 
contrary ways) remains the ſame always before and 


after the mutual Vinpulſe. 


BODIES that have no Elaſticib after their 


Congreſs, move together without any Separation 


towards che ſame Side where was moſt Motion; 


and becauſe the Sum of their Motions is always 
the ſame before and after Percuſſion, if we take 
the Sum and divide it by the Quantity of Matter 
or Weight of the Bodies, the Quotient will give 
their common Celerity with which they will moye 
after their Conjunction. Suppoſe A B equal each, 
for Ex. to a Bod) of five Pounds; 1 

B at reſt, and A to move towards it with four De- 
grees of Velocity; becauſe B has no Motion, the 


Sum of their Motions will be four times Five, OI 


Twenty, which being divided by the Sum of their 
* 


0 


ſuppolc | | 


[6G] 


f Weight (wiz) Ten, their Quotient Two will be 5 


; elidir. common Velbity after Conjunction: So that 


if one Body move directly upon another, equal 


| ro it which is at reſt, after their Conjunction they 


will go together with half their former J elecity. 


If A and B were equal, and B moved according 


to the ſame Direction with A, but with leis “. hei- 


. ty after their Conjunction, they will both go to- 


gether with half the Sum of their Velocities. Sup- 


poſe A's Velocity Eight, and B's Six after Impulic, 
the Velocity of cach will be One; if B moved by a 


_ contrary Direction with leſs Motion than A has, 


then if the Bodies be equal they will move toge- 


ther with half their Difference after meeting; 


for 


univerſally their Velocities are determined by taking 
the Difference of their Motions, which is the Sum 


of their Motions towards the ſame Direction, and 


dividing it by the Sum of the Bodies. Suppoſe 
A to be ten Pounds and B to be fix, let A's Ve- 


E locity be Five, and B's Three, the Difference of their 
Motion is Thirty-two, which being divided by Six- 


teen the Sum of the Bodies, the Quotient Two is 


the common Velocity after meeting. It A and B 


moving contrary Ways, have equal Quantiries of 


Motion, alter Concourſe they will both reſt; for 
REES 3 


— — .. EINE ED 


[6] 


in his the Difference of theirMotions being nothing, 
alter meeting they can have no Motion. As for 
Example, ſuppoſe A ten Pounds and B Eight 
Pounds; let A's J. elocity be Four and B's Five, ; 3 
this Caſe the Motion in cach will be Forty, there 
being no Difference of Motions, the two equal 
and contrary Forces acting one upon another will 


O 


deſtroy one another's Motion; and therefore 


Des Cartes's Law of Motion is falſe, by which he 


ſaid, There was always the ſa ame Quantity of Aoti- 


on preſerved i in the World. 
it there was no Elaſticity, the former Laws 
would ſerve for all Bodies ;" but by Reaſon there 
are few Bodies but what are Elaftick, the Rules of 
common Motion are ſometimes very different from 
theſe already given; for by the Force of Elaſticity of 
Bodies, ſometimes chey move after Percuſſi on, and 
according to the ſame Direction, and ſometimes 
they go in contrary Direction. 
That we may explain the Cauſe of Refs, lition 
and Separation of Bodies, we my illuſtrate it by 


an Example thus. [Plate 3. Fig. 15.] Let AB 


repreſent a Silken-Thread, or Cats-Gut, ſtretched 


and ſtrongly extended upon the Table by the help 


of two > Natl It the Ti bread taken * the middle 


Point — 
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Point and moved out of it's Place, ſo that the 
Point D comes to C, and the Thread lye in the 
Polition A CB, and then left to its ſelf, it will 
immediately wich Force go to reſtore its ſelf to 
its former Poſition. Now by the continually act. 
ing of this elaſtick Force, by which it endeavours 
to reſtore it (elf, it will continually increaſe irs 
Velocity juſt as heavy Bodies do; and when it 


comes to the Point, it will have a Force to go on 


O 


forward, equal to that by which it was forced out: 
of its Poſition, by which Motion it will go on till 
it comes into the Poſition A EB, and then it will 
reſtore it {elf again, and perform Vibrations Juſt 
as in a Pendulum. 


Now let us ſuppoſe a Body, as D [Plate 3d. 


Fig. 15. ] to run from F upon the Thread A B, 
the Thread by this Force will be put out of its 
Poſition A B into the Poſition A E B, where it will 
uickly ſtop. the Motion of the Body D: Now 
| 3 Motion of the Body D being deſtroyed, the 


Thread by its claſtick Force endeavouring to re- 
ſtore it ſelf will return to its former Poſition, 


with the ſame Force by which it was put out of it, 
and will bring back the Body D again with it ; and 
when it comes to the Poſition A D B, it will have 


the 
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the ſame Force to go forwards towards F, as it 


had when it was put out of its Poſition firſt. But 


when it was put out of its Poſition firſt, it had all 
the Force of the Body D impreſſed on it; for all 
that Force was ſpent in bending the Thread: There- 
fore it will reſtore it ſelf with all that Force, and 
_ conſequently drive the Body D backwards by the 
fame with which it came upon it. The Body D 
having then once got an Impulſe backwards, equal 


5 O | | 


to what it had at firſt forwards, will by the Fir ſt Law 


of Nature always continue in that Motion, and 


therefore will be reflected with the ſame Velocity it 


had at firſt forward; if the Thread does not reſtore it 
ſelf with the ſame Force with which it was bended, 
the Body will not be reflected with the Velocity 
equal to what it had at firſt. [ Plate 3. Hg. 13. 
It the Body runs ſloping upon the Fires. the 


Reflection will be oblique, ſo that the incident 


Angle B be equal to the reflected Angle C. If 
inſtead of the Thread there was placed an Elaſtick Þ 
Body, and ſuppoſe its Surface bended in by the | 


Eorce of the Stroke from the Polition at D B, into 


the Poſition A C B, as ſoon as ever the Force of 


the Stroke ceaſes, the Surface ACD by the Force 
of Elaſticity will be reſtored into its former Poſi- 


1 N 


tion; and by all the Force by which it reſtores it 
ſelt, it will act upon the Body F and make it move 


back again. Now if the Body be a perfect Ela- 


tic B 


with which it was compreſſed, and therefore it 


| will make the Body F recede from it with the fame 


Velocity with which at firſt it advanced towards it. 
Marble, &c. are Elaſtick, may be caſily conclu- 


ded from the Sound and Tingling whieh they give 


Now that all Reflecting Bodies, as Glaſs, Twory, 


when they are ſtruck ; juſt as in a Sen or Lute- 
String, when it is ſtretched and ſtruck, they pro- 
duce an Undwlation in the Air, cauſed by frequent 
Vibrations, after the ſame manner, but not ſo laſt- 


ing; but it may be more eaſily proved from the 


Concourſe of Glaſs or Marble Spheres: For it you 


tinge one with any Colour, and let the other 


| fall upon it, the Percutient Body will have a greater 
Portion of its Surface tinged, than that in which 
it touches; and therefore by the Stroke it 


| muſt be ſomewhat flatned, tho afterwards it re- 
| ſtores itſelf again. Bodies that are perfectly E- 


| laftick recede from one another after Impulſe with 
the ſame Velocity as before they ſtruck, or they ap- 


| proached one another; or which is the fame thing, 


ody, it will reſtore it ſelf with the ſame Force 


their 


. 


their relative Kere before and after their mutu- 


al Percuſſion abides the ſame. The Reaſon is this: 


Bodies recede from each other only by their Ela- 


ſtick Force, by which they reſtore themſelves to 
their firſt Figure; but that Force is equal to the 
Force of the Stroke by which the Figures were 
changed, and the Stroke is always in the Proporti- 
on of the Velocity by which they approached 
one another: And therefore the ſame Force will 
make them recede from each other with the ſame 
Peorce as they before came to each other. If the 


Bolia move towards contrary Directions, the 
Force of their Stroke is as their relative Velocity, 


which is equal to the Sum of both their Veloci- 
ties; but if they 6 
Force of the Stroke which is ſtill as the relative 


go on in the ſame Direction, the 5 


Velocity, will be likewiſe as the Difference of their 


abſolute Velocities; for the relative Velocities are 
always as the Difference or Sum of their real Velo- 
cities, according as Bodies move in contrary or the 


{ame Directions. 


From this Property of perfect Elaſtick Bodies, 
and the univerſal Law of Motion, that the Sum 
of their Motions towards the ſame Direction al- 
ways remain the ſame, tis caſy to determine the 
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| Velocity of each of the Elaſtich Bodies after Per- 


| . "The RuL Es which they obſerve, arc theſe 


| following. 


1. If a perfect Elaſtick Body comes upon ano- 


| ther equal to it, and at reſt, after Percufſion, the 


Perutient will ſtand ſtill, and the other will go for- 
ward with all the Velocity of the Percutient. 


2. If two equal Elaſtick Bodies move according 


to the ſame Direction, after Concourſe they will 
| change their Velocities one with another, and the 


| Anmtecedent will have the Velocity of the Conſequent, 


| and the Conſequent of the Antecedent. © 
| 3. If two equal Bodies move contrary after 


cities one with another. 


4. If a little Elaſtick Body comes upon a greater 


which in at reſt, the inpingent Body will be reflected, 


and the other will go forward with a Motion equal 
| to both the Motion of the 5. 26 forwards before 


the Impulſe, and its Motion backward after. 


5. If the greater Body comes upon the leſſer, they 


| will both move after the Stroke in the ſame Di 
| redion. : | 


V 


meeting, they will both reflect and change their Velo- 
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dies, whereby they reſiſt Penetration; 


741 


Thoſe that anderftand: Al hs: may cafily 


Calculate the Velocity of all ſorts of 1 
Bodies after their Mutual Congreſs.” GD 


ere 


HYDROSTATICKS. 


' DEFINITIONS. 


. FRE | Fluid 2 4 Body, whoſe Pain) 1 to 
AV any Force impreſſed, and by Jie Fi i 
ERS arecaftly put in Motion. b 

21. A Solid 2 4 Body, whoſe Parts are 


5 l dad. as not to be divided colt ot 4 deter- 


minate Force. 
By Solidity, we don't mean that Property of Bo- 
ut the Co- 


 herence of the Parts, by which they endeavour not 
t6--be ſeparated. Monſr. Ozanam's Definition of 


4 Fluid and a Liquid are theſe. A Fluid is 4 Bo- 
dy which i eaſily paſſed through, and whoſe ſepara- | 
ted Parts 4 Join again immediately; as Air, Flame, 
Water, Oil, 2, and other Liquors. A Liquid is 
— which being i ina 2 — Auantity, flows 


continually 


157551 


5 Wien and ſpreads it ſelf below the Air, ill its 
upper Surface is Level, or in 4 boricontal Foſi- 


tion. 


downwards. 


4. One Body ts ſaid to be Inten nſely or Specifical- 


ly heavier than another, when it has more W eight 


and the ſame. Bulk, or a much Weight and A leſs 


Bulk. 


Let Abe an Jah If Wood, and B an Inch 7 


| Lead; if B weighs Four Oun. 

ces and A One Ounce, B will 

| have Four Times more Spect- 

2 Gravity than A. = 
Let Abe One Ounce of Wood | 

| 4 D One Ounce of Lead, if 

A be four Times greater than 


D, then D will have four Ti mes the F ect fk Gra- 


vity of A; for there 1s a reciprocal Proportion be- 
' tween the Bulk and Soft 


ere Boat es. 


L 2 pod Prop. 


* Gravity 1 that Arcs obich Puſhes Bodies | 


k e of * . 


— SAR 


{ures are as A G. 


"ins 
RO Prop. I. 


Both the Superior and Inferior P arts of 9 heavy 
N Fluid = are heavy, and | the Superior preſs the - 


Inferior by their Gravity. 


un 3. F199 ET + Huid be put in the 


Veſlel AB CD, Ifayall its 


Parts are heavy, and that the Superior Parts AEF 
D preſs the Inferior; tor fince the whole Fluid is 
heavy by the Hypotheſis, and the Parts partake 
of the Nature of the whole, it appears that all 
the Parts are heavy; wherefore ſince Gravity is that 
Force which puſhes Bodies downwards, it appears 
alſo that this Force is exerciſed on the inferior 
Parts of the Huid, which are therefore preſſed by 
Enn Wn boos an 26; 


From hence it follows, that the Preſſure Na i 1 
ny Part of a Fluid is always according to the 
Height of the incumbent Fluid; for the Superfi- ÞÞ 
cics E F is preſſed by AE F D, and the Superfi- | 
cies G H by AGH P, whoſe Weights or Preſ- 


3 


pelled ſome of the Air out ol it, immediately 
Scal it Hermetically: When it is cool tye it to A 
Balance, and add o much Weight to it as 
will make it ſink; then put Weights in the other 
Scale to keep it from finking ; then break off a 


ter. 


and Fountains ; according to the Height of their 


| If rhe Reſervatory be Twenty Foot, the ſpouted 
Water will riſe Twenty Foot, allowing tor the 
Reſiſtance of Air. 


177 e | 
EXPERIMENT ö 
Take a Glaſs Bubble, and having by Heat « - — 


F . . ˙— ——. Eh EIT 


© 7 


Piece of the long Neck of the Bubble, within the 


oO 


{| Water, ſo that the Water may run in, and you 


will find that the Weight in the other Scale will 


| not keep the Balance even; whercas if the Water 
| within the Bubble did not weigh, the whole would 
ſtill be kept in LEquilibrio, becauſe according to 
| that Suppoſition, there is no Addition ot Matter 
| that weighs. 


O 3 fi | L 
Hence it is plain, that Water weighs in Na. 


This 3 refers to Cor. Prop. * 
On this Principle ate founded all Water-works 


Reſerwvatories, 6 high will the Water riſe. J. C. 


5 Plats 


Plate 3d. Fig. 25.] If you tap a Barrel full 
of Water at ſevcral Places, the higheſt will 
ſpout out the leaſt Way, becauſe its Height from 
the Surface is the leaft, and conſequently the Preſ- 
ſure is the leaſt; that which is loweſt will ſpout 
fartheſt, becauſe. farther from the Surface, and 
therefore the greater Preſſure will be upon it. 
But this muſt be underſtood if the Barrel be a ſuf- 
ficient Height above the Plane on which it ſpouts, 
as in the Hg. 25. Plate 3d. tor if the Barrel 
ſhould oe upon an horizontal Plane, the Li- 
quor which comes out at the Middle of the 

Veſſel would {pour fartheſt ; becauſe, tho' the 
Liquor comes our at Bottom with the greateſt Ve- 
locity, the Plane would intercept it at a leſs Di- 
tance from the Barrel, than if the Barrel was high- 
er. In ſuch a Caſe the Liquor ſpouting from an 
Hole, as near the Level of the Surface of the Li- 
quor in the Barrel, as the Diſtance of the loweſt 
Hole from the Level of the Plane on which it is 
to ſpout, will fall on the Plane in the ſame 
Place as the Liquor that comes out at the loweſt 
bake 56.06 Load £5 er rn FH 
Plate 3d. Fig. 26.) If the Spout of a Barrel 
be turned upwards, the Water will riſe as high out 


of 


T1 


| of it, up to the Height of the Water in the Bar- 
rel, vid. to A; a as the. Water inks ſo will 


che {poured Water without ſink too. 


| Prop. II. 


In any V Fluid: [Fig. 19. Plate 340 as AB CD, 


not only the Parts are preſſed downwards, but 


there is alſo a lateral Preſſure, and a Preſſure from - 


all Parts. 


For when Flad is meal os all Sides, it Y 
endeavours to N from that 3 ; from 


——— 


the 1 manner in 3 Flud [Fig 20.] A B CD 


let any Part be aſſigned as E, which by the fore- 
going Prop. is preit by the upper Part G, and 
endeavouts to recede towards the Parts F K, ET 

fore 
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fore it muſt needs be that it preſſes F and K with 


all that Force ths which it recedes towards theſe 
Parts AB CD. 93 


C OR 0 LI. 


1 the lateral Preſſure is according to the 


Height of the incumbent. Fluid. 


EC H 0 2 5 U M. 
Hen: it's caſily underſtood why Flagks well 


ſtopt, and only full of Air, being let down into 
the Sea (by ſome Weight tied to them) are bro- 


ken, wiz. by the great r Weight of the incumbent 
Water, Which neither the Soutuinals of the Flatks, 
nor the included Air is able to reſiſt. 


EXPERIMENT. 


If you immerge a Glaſs Tube in Wider, and 
ſtop the open End [Fig. 24. Plate 3d.] with your Þ 
Finger, to hinder the Water from falling out of it 
again, and immediately take the Tybe of Water 
and put it a pretty way into a Veſſel of Oil, fo 
that che upper. moſt Surface of the Water may be 


be- 


Þ 81 14 
7 the Surface of the Oil, the Oit will force 95 
the Water up; for the Oil at EF being more 
3 by the Columns of Oil G and H, than it 
is by the incumbent Water at M, will he forced 
upwards, and it will make the Water at M to aſ- 
cend, till the Fluid in the Tule preſſes as much 
on the Surface M as the Oil at G H docs on the 
Surface 4 ; 
Now becauſe Water 8 heavier thi Oil, the 
Water in the Tube will not riſe ſo high as the 
Surface of the Oil, for the Water being heavier, 


a Column of a leſs Height will preſs as much on 


Mas the Columns & H preſs on E F. 
Hence we ſee that # lighter Fluid may preſo ; 
on one that i is heavier. | 


"ry . 


Fig. 20. Plate 3.] If all the Parts EEK of 
an homogeneous Fluid, as AB CD, which lye un 
der the ſame horizoncal Plane. dre equally preſ- 
ſed; from ſuch a Preſſure there ariſes no Motion, 
for when the Preſſure is equal on all the Parts, 
_ they all will preſs cach other with an cqual 


Force ; wherefore no one Part will yield to ano- 
| M | ther, 


e 
f mer, but che Wader Fluid. powerfully aff ſted 7 
the Bottom of the Veſſel, reſiſts their Preſſure 


downwards; therefore, from ſach 4 Pfeſſure there 
ariſes no Motion. 


C0 ROLL. 


Hence alſo the Parts of an Wangen Flu- 
14 arc at reſt, and not moved by any inceſtine Mo- 
tion; for ſince all the Parts equally reſiſt, one 
Part will not yield to another, and tl arcfore. are 

not moved. Contrary to Des Cartes's Opinion, 


who held, that Fluidity conf iſtsin a continual and z 
various Motion ad the Parts. 


Prob. IV. 


Plate 3. Hg. 2 0] If any Parr E. if the 

Fluid AB CD is more preſſed than the reſt, it will 
drive both the Parts under it, and thoſe on every 

Side (4 latere ) out of their Places. For if the 
Parts of a Flud caſily yield to any Force impreſ- 
ied (by Def. 1.) it appears that the Parts FG 
which are next to E, will give place to it preſſing 


with a greater Force, from whence E flows into 


cheir Places K E D. 
E X. 


(9) 


E XP E R 1 ME NT. 
Fig. 23. Plate 3d.] Fill a Tube with O, ark 


| immerge the Bottom a little way in a Veſſel of 
| Water, (the top of the Tube being g kept ſtopt with 
your Finger) ſo that it ſtand a good way above 
the Surface, as at u, then the Mater at m being 
preſſed by a high Column, will be more ſtrongly 
preſſed by the incumbent Oil, than E and F arc by 
the incumbent Mater; conſequently it will (after 
your Finger is removed from the top of the Tube) 
_ thruſt the Water at E and F out of its Place to 
give the Oil liberty to deſcend, and then you will 
| ſee the Oil come out of the T; ube in Drops, and 
then mixing with the Water it will aſcend and 


ſwim on the top. 8 8 
Proſ. V. 

5 Plate 3d. K. 20.] If the Parts E of the Fluid 
ABC D beleſspreſsdthan the reſt, the Parts next 
to it as F G K being more preſſed, will chruſt it 
away and poſſeſs its room, and the Part E will 
riſe until the Preſſure of the Parts next to it be e- 


qual to its OWN Preſſure. : 
NM þ 3 For 


F 4] 


© Fox, ſince the Part E being leſs preſſed, cannor | 


telitt the reſt preſſing ſtronger, it will yield ro |Þ 


them by the 1. Def. and that always till it come 


| ro ſuch a Place, where the Preſſure of the Pares |} 


next to it be equal to its own Preſſure, - where, by 
the 34 Prop. it will reſt; but if it be a Fluid, and 
it happen that it reſts not under the Superficies, 


it will ſpread it felt all over the upper Superficies. 
. VC n 


Hence if the Parts of a Huid are in Egquililrio, 
cdhey are all equally preſſed under the ſame hori- 


Zontal Planes. 

EXPERIMENT _ 

g. 24 Plate 3.] Take a Tube and fill it alittle way | 
with Oil, and ſtop it as before, the Oil will ſtill re- 


main in the Tube (being kept there by the Preſſure Þ 
of the Air) immediately immerge the Tube in Water 


5 IP which-may be tinged with Cocheneal for the bet- 
ter Diſtinction) a good way below the Surface of 


the Oil, then take off your Finger, and you will 


ume diately ſee the Mater thruſt up the Oil above 


thc Surface. The Reaſon is this: Suppofe the Oi! 


in 


[ 
* 
2 
8 
1 


— 


— 


nts 


y ay 
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in the Tube only to reach to c, then the Surface 
of the Water at 'L being only preſſed with the Co- 


lumm of Oil c g, and the Waterat Sand R being 
| prefſed with higher: Columns 4 S, þ R the Parts 
of the FwdatsS and R, being more preſſed than 


the Parts 25 will thruſt 1 out of its place, and 5 


make it aſcend in the T; ube, and preſs upon the 


| Now, 


on which will continually riſe, till when it is at 
| 4 the Oil and Water in the Twbe preſs as much 
upon g, as the Columns 45S, b R do upon SR. 

1 the Oil is lighter than Water, the 


Column of Oil which preſſes as much on the Sur- 


| face 2, aSa Column of Water would do, muſt be 


higher than the Column of Water; and therefore 


the Oil will riſe higher than the Surface ee 
Water to 4. | 
Ik we try this Experiment with. Water in Oil, 


J the Water in the Tube will be below the burkace 1 


of the Oil; as at G H, fo much as it is ſpecifical- 
ly heavier. Hence we fee a. higher Fluid may 
| preſs on one that is heavier. = 
Ihe ſame will hold if a. Solid. nes upon the - 
| Fluid; nay, even Lead may be. made to ſwim in 
the following Manner. Take a Cylindrical Glaſs 
open at both. Ends, and ground at Bottom; then 


holding 


— — SS XP 52. r > 7 > WIT—_ * — 
5 8 EONS SIE Gale Inn oe EEC EITES — — 
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holding a ſmooth Weight of Lead cloſe to ) the 
ground End of the Glaſs (with wet ox oiled Lea- 
ther upon the Lead, that no Water may get into 


the Glaſs bet wixt it and the Lead) plunge the 
whole in Water till the Depth of the Lead in the 


Water be about twelve times its Thickneſs, or 


ſomething more, and the Water will keep the Lead 


from ſinking; puſhing againſt it by a Force equal 
to the Excels b which the Water (which is by the 
Veſſel hindered from preſſing immediately under 
the Lead) exceed the weight of the Lead. But if 
the Veſſel be raiſed till che Lead be but nine or ten 


times irs Thickneſs below the upper Surface of the 


Water, the Lead will leave the Glaſs and ſink 


N down, moving as it leaves the Glaſs with a Force 
equal to the Exccſs, by which it exceeds the Water 
that it keeps out from preſſing immediately under 


the Lead]; becauſe a Pillar of Water of the Dia- 
meter of the Lead ought to be twelve times its 


Thickneſs, to be equal to it in Weight. Thus 


will any Metal be made to ſwim, if they are 


ſunk in the Water ſomething deeper than as ma- 
ny tres their Thickneſs, as they are ſpecifically 
heavier than Water; always ſuppoſing the Glaſs 


19 hinder rhe Water re om coming in to ſink above 


them. 


them. As for Ex. Braſs, Copper, Cold, Anti- 
mmony, Iron, will ſwim if 5 above 8, 9, 18, 

4, and 7 times their Thickneſs, becauſe they are a. 
bout 8, 9, 18, 4, and 7 times ſpecifically heavier | 
VVV 

| Thu Experiment wil} ſerve to illuſtrate the 24 
| and ath Propoſition. 1 


n v 


Plate 3. Hg. 21.] Let AB C be a Veſſel 


of ſuch a Figure, as that its Baſis C D be greater 


O 


than its upper Superficies A B. I ſay that a Fluid 


contained in ſuch a Veſſel preſſes the Baſis C D as 


6 

: 

8 
g 
U 
N 
8 
1. 


much as a Priſm or Cylinder E CDF, whole | 
| Baſis is CD, and Height E ©, equal to the Baſs 
and Height of the Veſſel AB CD, would preſs it; 
for ſince by the Coroll. of the 5th Propoſition all 

| the Parts of a Fluid comprehended under the ſame 
horizontal Planes, are cqually prefled ; it appears 
that the Parts at C N and DM are preſſed as much 
| 25 the Parts at MN, but the Parts at MN arc 
| preſſed by the Priſm or Cylinder A B M N, from 
| whence it appears, that the Parts at C N and DM 
arc as much preſſed as the Priſm or Column 


E 


ECNAD MB would preſs them; vherefore 
CD is preſſed as much as it would be if the 


Hence finceWeight is as Preſſure, it manifeſtly ap- 


pears that the Baſis C D ſuſtains the ſame Weight, 
which it would if preſſed by ECD F, which * ; 
ir ſeems a Paradox) this Experiment confirms. 


3 EXPERIMENT. ID 
Plate 4. Fig. I.] Let ABC D be 2 Cylinder 


of Braſs, exactly filled with a moveable Baſis, 
ſo exactly contrived that no Mater may run out 
between it and the Side of the Cylinder ; let 4 be 
a long Braſs Tube continued to the top of the 
Cylinder ; let a Rope that is tied to one End of 
the Balance, and runs thro the Tube, be fixed to 
the Middle of the Baſis at a, then pouring Ma- 


ter in at E, fo as to fill the Cylinder at A B, ſee 
what Weight in the Scale K will be required to 
move or raiſe the Baſis 4 preſſed by a Column of 
Water ABCD. As tor Ex. Suppoſe Ten Pounds 


after this fill the Tube with Water up to the top, 


which 
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% 
which if it be three Times longer than the lin- 
der, you will find that there will be need of threc 
Times more Weight to raiſe the Baſis, than when 
it was preſs'd by only the Column of Water AB CG 
D; whereas it was then raiſed by ten Pounds, it 


will not now be raiſed by leſs than forty, which will 


be the Weight of a Colunm of Mater, whole Baſis is 
equal to the Bafis G; and whoſe Height is equal 
ro that of the Tube and Cylinder, viz. G CDH. 
There are ſeveral ways of proving this Paradox. 


: Horſe Hair is reckoned to be a Body that 
comes neareſt the Specifick Gravity of Witer. 


Prop, VL 


Plate 4. Fig. 2.] If in a Fluid, as ABCD 
be let down a Body E, having a Specifick Crawi- 
ty equal to that of the Fluid, the Body will be all 
covered in the Fluid, and will retain any given Po- 
TE: . 5 8 
For if any Part of it as E ſhould remain above 
the Superficies of the Fluid, that Part of the Fln- 
id, vic. which is under the Body E would have a 
greater Preſſure than the Parts I and K, which arc - 
only preſſed by the incumbent Fluid. For the 
it | 2 . im- 


— — hw oft nec, MW — — 


Tel 


immerſed Part « the Body E 1 H of it gelt, 
as much as the Fluid in its room would do; ſo 
that the Part which is out of the Water added to 


the Preſſure, will force the Part H of the Fluid 


out of its Place, by the 4th Prop. therefore the Bo- 


dy E will deſcend and be all immerſed ; and there- 
fore, as in Hg. 9th. when the Body has an intenſe 


: Gravity, qual with that of the Fluid, both the 


Parts under the Body, and thoſe under the Fluid 
in the ſame be Plane, are equally preſs 3 
ſo that by the 34 Prop. there ariſes no Motion 


from ſuch a Preſſure: And ſince the ſame Reaſon 4 


holds good in every Poſition of the Body, it is | © 


manifeſt that it retains any one that 15 giwen it. 3 


K E D. 
Prop VIII. 


Plan Fig. 9] If in a Fluid, as A BCD 


be immerſed any Body as E, 1} pecifically heavier than 
the Fluid, the Body will delcend to the Bottom, 
but with a Force equal to the Exceſs by which 
the Grawity of the Body exceeds the Gravity of 

ſo much of the Fluid as is equal to it in Bull. 
For if the Body and the Fluid were both of 
the ſame mm TOO che Body would not 
deſcend 


1 


| deſcend by the 57% Prop. But when it is heavier 


than the Fluid, the Parts H under the Body are 


preſſed ſtronger than thoſe under the Fuid ; 


wherefore by the Exceſs of that Preſſure, the 


parts H will be thruſt out of their Places, there- 


Force alone. 


will find that the Water added will riſe as hig 


fore by the ſame Exceſs E will deſcend K E D. 


COROEE 


A Body immerſed in a Fluid loſes as much of 
its Gravity as is the weight of a Portion of the 
Fluid, equal to it in Bulk; for Gravity is a Force 
which puſhes a Body downward. Now ſince a 
Body deſcends with that Force only, by which it 


exceeds the Crawity of an equal Bulk of the Flu- 


id, it appears that it gravitates in Mater with this 


EXPERIMENT. 


Weigh a piece of Lead in the Air, ſuppoſe 
twelve Pound; and afterwards weigh it in the Va- 


ter, and find how much it loſes of its weight, 


ſuppoſe 17 Oz. Obſerve alſo how high the Lead 


raiſes the Water when put into it, then take out 


the Lead and put in 17 Oz. of Water, and you 
uin 
N22 che 
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— 


it in Bulk; it appears that that which: t 

the leaſt room, that is, that which is ſpecifically 
heavicr, loſes leſs of its Gravity, and fo prepon- |: 
. ͤ K 1 


921 


2 


N 


Tuo Bodies which are of different Specifick | 
| Gravity, as Gold and Silver, Aquiponderous in 
Air, or rather in vacuo, being immerſed in a Flu- | 


id, that which is of the greateſt Specrfick Gravity | 


a a. 


Fvx3xa_=Sqz.. 


the Veſſel as the Lead raiſed it Before; and there- I 
fore the Weight that a Body loſes in the Water, is 
juſt equal to the Weight of as much Mater as is 
equal to the Body in Bulk; what Weight the Bo- 
dy loſes the Water gets. For Ex. Suppoſe a Veſ- 
ſel of Water weigh ten Pounds; if we han 
twelve Pounds Weight in that Veſſel by a String, 
ſo that it may touch neither Bottom nor Sides, 

the Veſſel of Water will weigh ten Pounds and | 
ſeventeen Ounces, which is juſt the Weight that 
the Lead of twelve Pounds loſes, and what the 
Lead loſes the Body gains. | 


will preponderate. For ſince every Body immer- 


the Gravity of a Portion of the Fluid, ogonl to 
akes up 
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ſed in Water loſes of its Gravity, as much as is 

tl 
ir 
lit 
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£7) 
EXPERIMENT. 


Take a Crown-Tiece of Hlver, and à Piece of | 


Lead of the ſame weight ; when they are . 


ater, as 


in the Air, afterwards weigh them in the 


mu the Lead ou JOE - 


K 2 R. . 
"Bodies are caſl ier lifted up in Water chan i in Air 5 


C O R 0 L 5 48 4. 
Hence the Weight of any Fluid is eaſily ant, 


Iv. by immerſing a Cubical Foot of Lead into 


it, and its Difference between its Weight in the 
| Fluid, and its Weight! in vac, is the Weigh of 
| the Fluid. 77 


Prop IX. 


Plate 4. Fig. If in a Fluid as ABC 0. 5 


the Body 2 lighter than the Flui be 
| inzmerſed, it will not be covered, only ſo much of 
it as is equal to a Portion of the Fluid, which is 
| as * as the whole Body. 


For 


For if the whole ſhould be immerſed, it ap- 
pears that the Parts of the Fluid under it, are leſs 
preſſed than thoſe under the ſame horizontal 
Plane are by the incumbent Fluid; becauſe the 

Gravity of the Body E is leſs than the Gravity of 

an equal Bulk of the Fluid: Therefore by the 5th 

Prop. the Parts under E will riſe till they come to 
ſuch a Place, as where the Preſſure of the Fluid 

AI EF is but equal to the Preſſure of E, that is, 
when the Preſſure of the Body E is equal to the 
Prefſure of as much of the Fluid as would be 
put in the Place of the ſubmerſed Part. 


Hence ſince the Specifick Gravities of Bodies are 


xcciprocally as the Bulks of LEquiponderous ones; 


by the 4th Prop. the immerſed Part of the Body 
E will be to the whole, as the Specific k Gravity 


of the Body to the Specifick Gravity of the Fluid. 


COROLDL 2 A 
| Therefore the Gravity of Bodies put in a Hu- 

nid is twofold; one True and Abſolute, the other 
| Relative and Apparent ; by the firſt Sort of Gra- 


vity FF 


* * 


DT Los 
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DOES. 


2 Bi 


vity the Parts of Fluid and of Solid Bodies, g gra- 


ghts being 


vitate in their Places; therefore the Weig 


3 joined, they compound a Weight of the whole. By : 
Relatiwe Gravity, Bodies do not gra vitate in their 


Places, that is, they do not preponderate one ano- 


ther, but hindering each others Endeavour to de- 
ſend, they .remain in their Places, as if they were 
not heavy; ; thoſe things which are in the Air and 
do not preponderate, che common Pcople do not 
think heavy, but thoſe which do preponderate 
they eſteem heavy, becauſe they are not ſuſtained 


by the weight of the Air. Common Weights are 


nothing elſe but the Exceſs of true Weights, above 
the weight of the Air; from whence alſo thoſe 
chings are commonly called light which are leſs 


heavy, and by yielding to the preponderant Air 
mounts upwards ; they are comparatively light, 
not truly ſo; becauſe they do deſcend in ACK. 


Thus Sth in Water Bodies which deſcend, or. 


aſcend by reaſon of their greater or leſs Gravity, 


| are apparently and comparatively heavy or light; 
| and their relative Gravity or Lightneſs is the Ex- 
| ceſs or Defect by which their true — exceed 


the Gravity of Water, or are I 


* 


[96] 


A Kettle i is | cole at Bottom when the Water | 


boils becauſe warm Water being ſpecifically ligh. 
ter than 8 the 1 Water wil 9 to ne 


Bottom. 


1805 Cc 0 R 0 L 2 3. 1 90 5 
The immerſed Parts of unequal Bodies of the 


| ſame Fpecifick Gravity in a Nuid heavier than 
themſelves, are to each other as the wholes. 


CO ROL 1 5 
The immerſed Parts of equal Bodies having 


different Specifick Gravities, are to each other as 
their eciſck Cravities. 


E Þ £ P E R 1 M E N ＋. 
Take a piece of Wood and weigh it, then ſink 


it in a Veſſel as far as it will go with its own Gra- 
vity, and obſerve how high it riſes the Water in 


the Veſſel; having taken our the Wood, pour as 
much Water in the Veſſel as is equal to the weight | 


of the Wood, and this will rife up to the ſame 


Surface that the Water did before the Wood was 


in. 


Prop. 


Plate 4. Hg. 4 and 5.] I the ſame Body E be 


| immerſe in different Fluids, heavier than it ſelf, 


the immerſed Part will be reciprocally as the Speci- 
fk Gravitres of the Fluids © 


Por the immerſed part of the Body E in the 
Fluid AB CD is to the whole, (by Cor. 1. Prop. 
8.) as the Speciſick Gravity of the Body to the 
Specifick Gravity of the Fluid, and the whole is the 
immerſed part in the Fluid 4 B c d, as the Spect- 


Z fick Gravity of the Fluid to the Spectfick Gravity 


| of the Body; wherefore by 23 of El. 5. the im- 
merſed Part in AB CD will be to the immerſed 


Part in aBc 4, as the Gravity of the Fluid to 


43 ed to the Gravity of che Fluid A B CDK 


2 ED. 


1 ther any Quantity of Salt 15 contained | in V. Ae, 5 


by the Aſſiſtance of an Inſtrument made in Glaſs, 


| repreſented in He. 20. Plate ad. And ſince Salt- 
water is heavier than Freſh; find firſt how dcep 
the Inſtrument ſinks in Freſh-wat er, and if in try- 


ing other Water it is leſs immerſed, it's certain 
„„ 5 . that 


Hence appears a Method of finding out, whe⸗ | 


— © 
that Salt is contained in it, as being heavier, and 


by how much the leſs it 18 immerſed, by ſo much : 


the more the Salt is in the Water. 


The Excellency of Liquors as Wine, for Inſtance, | 
is found out by the ſame Inſtrument; for by how 


much the lighter ſuch Liquors are, they are com- 


monly eſteemed ſo much the better; but their 


Gravity is found out after the ſame manner. 


Prop. XI. oo 


J find what Relation the Specifick Gravity of a 


Fluid "and « Body given, unmerſed in it, have i 
each other. © e 


In the firſt place, ſuppoſe the Body to be ſpecifi 
cally heavier than the Fluid, and ler its Weight be 


found in Vacuo, and then put it in the Fluid: As 
the Weight of the Body will be to the Exceſs (by 


which the ſame Body weighed out of the Fluid, ex- 


ceeds its own Weight in the Fluid) ſo the Spect- 


fick Gravity of the Body will be to the Specifick 


Gravity of the Fluid. For the Specifick Gravi- 


ty of Bodies equal in Bulk, are as their Weights ; 


but the Weight of à Portion of the Fluid equal 


in Bulk to the Bod) it ſelf, by Cor. I. Prop. A 


W .-- 23 


[9] 
chat Difference of the Weight; therefore theſe be- 


ing given, the Relation between the Specifick Gra- 


vities Of the Body and the Fluid will bo Siren * 
ſo. 


But 11 the Body meilſed be ſpecifically lighter 


| thanthe Fluid; 85 Specifick Gravity of the Fluid 
| will be to the Specitick Gravity of the Body, as 
| the whole Body o the . Part of it, by 
Cor. 1. Prop. 9. 


Prop. XIL . 
Plate 2. Fig. 18] The Solid Bodies as A and EE 


| B being given, to find that Relation their 25 
Gravities bear to each other. 


Let the Relation of the Specifick Gravity A to 


| the Specifick Gravity of the Fluid D, be found by 
the former Prop. and let the Relation of the Spect- 
fick Gravity of the Fluid D to the Specifick Gra- 

| vity of the Solid B be found alſo; from whence 
by 20. El. 5. the Relation of the Specifick Gra- 
| vity of the Solid A to that of the Solid B will be 


given. 


Pros XIII. 
Plate g. Hg. 6] If upon the Fluid AB CD, 


another Fluid as EAD F be poured ſpecifically 


O 2 higher 


"rw? 


higher than thi former, it will not be immerſed 


in the Fluid, yet it will preſs its Superficies by 


its Gravity. 


For ſince the Fluid ABC D is ſpceficatly hes: 


vier than the Fluid E A D, its Force of tending 
downwards will not be e by the Force of 
the Fluid EAD F; wherefore the Fluid EA DF 
cannot deſcend below: ABCD; yet ſince it is 


heavy, it is manifeſt that it e preſſes the Supertcies 
A D wich its Gravity: 1 


TI COROLL. 1. 
Hence the Preſſure of any Fluid 8 in, 


ſuppoſing it to be Homogeneous, and of the 


ſame Denſity every where, 15 always according to 


its * 


COROLL 2 
By how much" pecifically heavier the Fluid To 


N by 0 much the greater is its Preſſure. 
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COROLL 4. 
IM | Superſcies of cen Fluid is be by 


n . 
4 * 0 
9 * 0 4 
os _ l * * 
x . $44 - 3 C 
P . 
ws a. * ad 2 — N * 
* a 
” 
4 
- 
ſ 


Sep. a b. 


B 


TXB. XIV. Fugue. 


4% 


: a 


— — — 


—— — 


4% 


0 


* „ 


[ror] 
Prop, XIV. 


| the Part G freed from the Preſſure (which may be 


done by the Aſſiſtance of a Tube, as [mn o, the 
Fluid G will riſe above the Superficies AmDn, 
| and that to ſuch an Height, as that the Superficies 
mm n may be preſs d with as great a Force as A n 
Dy; that is, it will riſe up 0 pq. For ſince the 
F 10 than the reſt, 
it will riſe by the 5 Prop. and that until n be 
FT 2 with as great a Force as A n and D under 


Parts Þ q of the Fluid are leſs pre 


C ſame horizontal Plane. 


COROLE 


Henee the Fluid »2 17 pq which aſcends, hes: as 
much Gravity as the Quantity 977 5 of the Fluid 


 EFAD would have of the lame Height as E A 
9 and by D. ft 
COROLL 2. 


Therefore the Specifick Gravity of Fluids are re. 
ciprocally to cach other as the Bulk of the 
alCen- 


hang 


Plate 4 Ag. 7 If the gabel of the Flu- 
id ABC D be preſſed by an incumbent Fluid, but 


1 
. 
1 
1 1 
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'N 
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T: 102 T 
: aſcended Fluid as pn to the Bulk 77 mrs, 


or when theſe two Bodies have equal Baſes reci- 
procally as their Heights, 


SCHOLIUM 


TS, Air preſſes the Superficies a all 7 T 
by irs Gravity, by Cor. 3. Prop. 13. If any Part 
ſhould be free from the Preſſure, it is manifeſt 
from the foregoing g Prop. that the Fluid will al. | 

cend above that Superficies which is not preſſed - 


with the Air, until it preſs the Superficies under it, 


with as much Force as the reſt of the "SP 
s preſſed by the incumbent Air. : 
And this Prop. is of very great uſe in Hydro: 
1 Paticks, for by its Aſſiſtance all the Phenomena of 
Nature that uſed to be attributed to the Abhor- 
rence of a Vacuum are caſily explained. Nay, 
many things are drawn from it for the neceſſar 
Uſes of Life, as Hringes, Pipes, and other ſuch 


like Machines: But before we treat of theſe . Þ 


ings, it will not be amiſs to ſpeak a few Words 
of the Torricellian Experiment, and to ſhew the 


Cauſe of it, from what has been above demon- 1 
ftratedd. 


[103] 
'E XPE RI ME NT. 


Take a Veſſel of Water, and weile a T ale = 
(0 open at both Ends) into it, then pour Oil upon 


the Water, to the Height of tour or five Inches, 


| which will raiſe the Water in the Tube ſo high, | 

| that it may preſs as much on the Surface of the 

Mater under it, as the Oil does on the reſt of the 
Surface; let the ſame Sn * og ried with LY 


and Mater. Vide Prop. 4. [ Plate 2. 


| Glaſs be raiſed perpendicularly, the Water will af- 


cendin it t above the Surface of the ſtagnant Water, 


as at B. 


| The Air does not only g gravitate on the ue jp 
of Fluids, but alſo upon all Solid Bodies, as may 

be proved from the Coheſion of two flat Pieces 

| of Glaſs or Marble exactly poliſhed and ground 


together. 


That this depends upon the Preſſure of the Air 


is plainly evinced, by trying the Experiment in 

the Recipient of an Air- Pump; for after an Exſu- 

ction or two of Air the Marbles drop aſunder. 
Anorher 


Hg. 19. Take a Drinking os. and turn it ſo 
in the Water, the Air being turned out; if the 
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Another Argument for the Preſſure of the Air, 
may be taken from the Recipients ſticking to the 
Plate upon which they are fixed ſo cloſely, that 
after two or three Exſuctions it requires a conſide- 

rable Weight to pull it away. e 


Prop. XV. 


Po Plate 4. Fig. 8.] To ſhew the Torricellian 


Experiment and explain the Cauſe of it; let AD 
the horizontal Super ſicies of the Q wick-Silver con- 
tained in the Veſſel A D be expoſed to the Preſ- 


ſure of the internal Air, and the Tube P C ſtop- 


ped at P and open at C, be filled with Quick-gil- 


ver; after this turn it, and immerſe its Ori ice C 


under the Syuperficies of the Quich-Hilwer contained 


in the Veſſel A D, keeping Its Orifice C ſtopped 


with your Finger, until that it be ſo immerſed 


that the Qick-Silver do not run out by turning 
the Tube; and then unſtop it, holding it in that 
Poſition. Now Experiment makes manifeſt, that 
the Qwick-Silver in the Tube CP will not deſcend 


below the Height of Twenty-ſeven or Twenty- 


eight Inches; and if the length of the Tube be 


lets than Twenty-ſeyen or Twenty-cight Inches, 
— — the 


„ - 


the Q wick-Silver will not deſcend at all, until its 
Height #2 c be Twenty-ſeven or Twenty-eighr 
Inches (there being left within the Tube P m n, a 
Vacuum of Air and Qaick-Silyer) where it will 
remain. The Reaſon ot this Experiment appears 
from the foregoing Prop. For ſince the Super fi- 


O 


ies of Qwick-Silver A D, is preſſed by the ſuper- 
incumbent Air, but its Part C is freed from that 


Preſſure ; it muſt needs be, that the Height of the 


Quich- Silver in the Tube CP be ſo great, as that 
the Super ficies C ſuſtain the fame Preſſure from the 
incumbent Qich-Silver, as the reſt of the 
N waick-Siver docs from the incumbent Air. 


EXPERIMENT. 


Tf we immerſe the Tube thus filled, in Water 


inſtead. of Mercury, the Mercury in the Tube 


will deſcend, and the Water will aſcend to the 
top of the Tube, per 1 i 

N. B. V we incline the Tube towards the Ho- 
rigon, the # will riſe higher, and always keep the 
the ſame . height; for in the inclined Poſition it 
does not preſs ſo much upon the (t ubjacent FIC; 
the reſt, its Gravity acting purely againſt the Sides 
„%%% = Oh I iowa 
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To prove that this deſcends upon the Preſſure 
of the Air, take a Glaſs Tube four br five Foot 
long, which has one End (inftead of being ſcal- 
cd Hermetically) tied over with a piece of Blad- 
der; fill it up with Water, and immerge it in ſtag- 
nant Mater, you will obſerve the Water not to 
deſcend at all; but if with a Pin you make an 
Hole in the Bladder, the Water will immediately 


deſcend quite our of the Tube. 


Hence a Cylinder of of Twenty ſeven or 
Twenty-eight Inches, gravitates as much as a Co- 
lumn of Air, whoſe Height reaches to the top of 
the Atmoſphere, and whoſe Baſis is the ſame as 
that of the Column of 9 vick-Slver. 


EXPERIMENT. 


Wee may increaſe the Weight of the Air by 
ſinking the Barometer into another Fluid; to wit, 
put it into a long lindrical Glaſs, and afterwards 
pour Water on the Surface of the ſtagnant Mer- 
cury, and the & will ſtill rife higher in the The, 
according as the Preſſure of the Water * 

— COS * 7 


xy had A pms ii 


5 


About fourteen Inches of Water upon the ſtag- 


y 
it, 


ds 


, 
es - 
ut Þ | 


ſtances from the Earth, its Hei 


Height of the Air. 


nant 9 vick-Sikver will raiſe that which was in the 
| Tube about one Inch, there being Fourteen to 

One between the Gravity of # and Water. 
Ihe Twbewith ? being put into a long Recci- | 
ver, the ? will fall down after the Air is pum- 
ped out. e ee . VE to, 


Ihe fame Experiment may be tried with Mater 
in the Tube, but the Water will not ſubſide ſo 

| faſt as the 5 did. And if in the Tube there be 
left a ſmall Air-Bubble, this Bubble will expand it 
ſelf and fill the whole Cavity of the Tube, even 
ſo much as to depreſs the Surface of the Water in 
the Tabe, below the Surface of the ſtagnant Na- 
ter. 5 3 . „„ 


If Air were of the ſame Denſity at all: Di. 
« ght could caſily 
be found out; for as the Difference of the Height 


of the 2 on the top of a Mountain, is to the 
Height of the 5 at the bottom of the Moun- 


tain; ſo is the Height of the Mountain to the 


p 2 1 


5 | - 

It is manifeſt that a Cylinder of Water of Thir- 
ty-two Foot gravitates as much upon à Fluid un- 
der it, as the Air does upon the other Parts of it; 
therefore Water can be ſuſtained at ſuch a Height 

by rhe Gravity ofthe t ond Hes 


gc h 


I haye ſaid that 5 is ſuſtained at Twenty. ſeven, 
or Twenty, eight Inches; for the Gravity of the 
Air is various and mutable; ſometimes & will 
remain Twenty-feven Inches, ſometimes Twenty- 

eight, and now and then it will aſcend to Twen- | 

_ ry-nine or Thirty Inches; from whence it muſt 
needs be that the Gravity of the Air is changed 

proportionably to its Height: ES fo 

By how much the heavier Air is, ſo much the 
caſier can it ſuſtain Vapours raiſed by. the Heat of 

the Sun ; for Vapours are nothing elſe but watery 

Particles rarified by the Heat of the Sun; and 

therefore. the ſame Particle of Water taking up a 

greater Space, becomes ſpecifically lighter than 
Air; from whence of. Neceſſity. that Particle muſt 
aſcend until it come to the Air, whoſe Specifick. 

. Gravity is equal to its own, where it muſt reſt; Þ|Þ 
but the Gravity of the Air decreaſing, it muſt | 

. Way Rs — needs 


Cre] 


needs be that the Vapours will deſcend; which wy 
the Reſiſtance. of the Air in their Motion, = - 
med into Drops of Water, from whence it cannot 

but Rain when the Gravity of the Air is leſſened; 
but when its Gravity is increaſed the Force is allo 
increaſed, by which it is able to ſuſtain the Va- 

: pours, and that remaining the Air is clear. Hence 

it is that ſuch a Taube filled with &, and immer- 
ſed within the Superfictes of ſtanding is uſed to 


ſhew the Gravity of Air and tar Weather which : 
follows from 88 


Ph. XVI. 3 
The Eli Force of Air indoſed in a \ Veiel 


of the ſame Tenor with the ambient Air, performs | 
as much as the Burthen of the open neuron Air. 


Loet there be a Tube or a Veſlel, having an o- = 


pen Orifice, by which there may be a Communi- 
cation between the internal and external Air; if 
then the adjacent Parts of external Air, be leſs 
preſſed than thoſe. which are within the Veſſel, 
| theſe will dilate themſelves by the 5th Prop. un- 

til they come to an equal Force; but if the exter- 
nal adjacent Parts by tac Preſſure of the incum- 


bene: 


— . ¶ —— «—§＋§⏑;Q—0A. —_—T 


| 1 110 Ez ec 
bent Air) are more preſſed than thoſe within, thoſe 


that are within will be compreſſed, untill their E- 
laſtich Force is ee, to the Force preſſing from 


without. 
This Saks from Mr. Boyle's J . 
5 on R 0 * > 24 
From this follows the Reaſon hy we do not 
feel the Wye of me: Ay. 8 
COROLL 0 
. From hence alſo we know _ we do not feel 
= the Weight of Water. 1 LR 
COROLL . | 


Plate 4. Fig. 13.] Let CD be a Pipe or 172 
ved Tube open at both Ends, one of which, as C 
is immerſed in Water, or any other Fluid; the G- 
ther as E, being longer than C from the Curve, 

hanging without the Fluid. If then by Sucking, 
the Liquor « comes to E, until it runs out, it wi | 
Continue running, altho you do nor. ſuck it, till Þ 
the Liquor in the Veſſel be either all drawn out, 


or wants a due Height; yet upon this Condition, 
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that the Orifice E be lower than the Super icies A 
B of the Liquor in the Veſſel; for the Air being 


ſuckd out of the Tube into the Thorax, the Fluid 


under it is forced into the Pipe, by the Preſſure 


of the external incumbent Air, by the preceeding 


Prop. therefore the Fluid will riſe to the top D 
until there is an Æquilibrium with the Preſſure of 
the external Air (ſuppoſe the Height I G) that 


is, in & about Twenty-nine Inches, in Water a- 


| bour Thirty-three Foot, and fo in other Liquo: 


proportionably according to their Gravity, and 


will run out ſo ſoon as it finds a Paſſage, becauſe 


the Water gravitates in the longer Tube; and the 


Reaſon why D E ought to be longer than DC, is, 


becauſe if it were otherwiſe, both C and E would 


be preſſed equally by the Atmoſphere; if DE 


| thould be ſhorter, tne Huid would be carried 
{ contrary ;- but if D be higher than I, the F'u;d 
will be forced upwards as far as I, but not far- 


£ 
ther = 


Take 


| | i 112 1 
— —— Take a Tube of this Shape, 
- open.at ABC, and having im 
REF = mciſcd tlie Ends B and C into 
JE tuo different ſmall Veſſels full 
Er of Mater, put the whole into 
| a Cylindrick Jar of Glaſs, then 
a a> a= pouring in Oil of Turpentine : 
== ms up to D, above the bent Part 
"2M — of the Tube, and the Water 
will run out of the Veſſel A into the Veſſel B, 
which ſhews that a competent Preſſure of 8 ligh- 
ter Huid will make Water come over by a Syphon, 
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cyen tho' the Air comes in at G; and this ſhews 


plainly that the Fuga Vacui has nothing to do in 
this Experiment and others of the like Naturc. 


EXPERIMENT. 


Plate 6. Fig. 4] Take a Receiver-Tube with 
hs one End longer than the other, and pour 
Mater in till it riſes in 23 to the Height A; after- 
wards put your Finger on the Orifice A, PRE} pour 
in Water at B, till it riſe to tie top; then put 
vour Finger upon B, and leave the Ori ſice open, 
and the} J Vater will not run out at A; but if you 
take off your Finger, the Liquor will run out at A 


ul * 


c 1 13 0 
till it has ſubſided! in the Leg! B down to the Le- 
vel of the Orsfice at KM. 
gu will riſe the ſame Way, but not to the ſave 

Height, ſince it will riſe no higher than in the 
: common Baroſcope hat / Sakteen times leſs. 
than Water, it being fourtecn times heavier. 2 
riſes but to Thirty Inches, Mater to about Thirty- 
three Foot. 

If the Romans. had 8 chair the preffure of 
Air could raiſe Mater to ſuch an Height, they 
needed not to have been at the Trouble 95 Suti 


O 
thro' Mountains to make their Aquadutts level. 


5 8 H 0 2 4 UV M. 
8 ancient Philoſophers ridiculouſly and | 


this by the Abhorrence of a Vacuum, in the place 
of which now deſervedly ſucceeds the Æquilibri- 
um of the Air. Galileus firſt thought of 1 it, and 
Torricellius maintained and en it. 


Mn 4 


Plate 4. Hg. 120 The ſame Sing holds good 


of the Pump, which is made of a long ec o - 


| Timber cut Cylindrically within, and i: is imm erſed 


1 | in. 


in the Well, the upper Part of which ſtanding a- 
bove the Super ficies of the Water; which Water is 
not to be ſuppoſed free from the Preſſure of the 


Air, but expoled to it (for otherwiſe the Water 
V ill not be thruſt upwards) and at ſome Part of the 


Hollow of the Pump there is fixed a Piece of 
Wood acroſs, in the Middle of which there is the 
Hole D, thro' which this Water aſcends; and o- 

ver this Hole there is a Valve or Clack as E, ſo pla- 
ced acroſs, as to open or ſhut according to its be- 
ing prefled from above or below; alſo a Bucket 


2 FG, let down from above by the Rod or 


Handle (ſo fitted to the Sides of the hollow Cy- 
linder, as that the Air can have no Paſlage be- 
tween) which alſo hath a Hole in the Middle of 
its Bottom, and a Valve G fitted to it, as hath D 
E. Things being thus ordered, while by moving 
the Handle the Bucket is drawn up (the Air being 
upon it, and by that means there will be a leſs 
preſſure of Air upon the Water below the Buc- 
ket) the Water in the Mell being preſſed by the 
ambient Air will be forced up into the Hollow 
of the Pump ren the Hole D ( opening the 
Valve E) as far as the Bottom of the Bucket (pro- 
vided it be not higher than I, the top of the 
: 3 AQAaqui- 


LS] 
LEquilibrium ) as being free from any Preſſure 
from above, and thruſt up from below; but on 
the contrary, by turning the Handle the other 
way, the Bucket is preſſed down, and preſſes the 
Water immediately under it, which aſcends thro' 
G D; by this Depreſſion E is ſhut and G opencd, 
thro which the Water having got above the Buc- 
ket, is drawn up with the Bucket; when it is 
| drawn back (the Valve G being ſhut) and finding 
| Paſſage flows out at H, then Water riſing again at 


D, ſucceeds as before in the place of che Bucket | 


* » 


chat is drawn up, and fo continually. | 
e Bip. XV 


Concerning the Elaſticity of the Air, and ſome 
k cc 70-: 
The Elaſtick Force of the Air is that by which 
a comprefled Quantity of Air endeavours to ex- 
pand it ſelf into a greater Space; and ſince the 
Air at the Super ficies of the Earth is much preſ- 
ſed by a great Weight of the incumbent Air, it 
muſt needs be that it will endeavour to recede 
from that Preſſure every way, and ruſh into what- 
ſoever Space it finds free from Preſſure, where by 


PEE © 2 ED =) 
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its Elaftick Ave, it will expand it elf equally, 
_ and uniformly poſſeſs all the n Parts of this 
Space. 8 


EXPERIMENT. 


TR a Bubble filled with Air of the cane Tenor : 


with the outward Air, be. Hermetrically Sealed, 
then heat it at the Flame of a Lamp, and the 


= being expanded by Heat will burſt the | 


Bubble. 5 i 
If any Elaftick Body be 8 by a fs 
perincumbent Weg, it will endeavour to ex- 
pand it ſelf equally on all Sides by its Elaſtick 


Force; and ſo e ls puſh. the. Weight upwards, 
an the Table % 


wards. 


Plate 6. Fg. 16.] But if inſtead of the Weight | 


* which it is ſuſtained down-. i 


be put any thing that may reſiſt the. retributive = 


Force of the Body, then the Elaſtick Body will 
endeavour to expand it {elf after the fame manner 
which it did at firſt, and fo will puſh the Table by 
which it 1s ſuſtained with the ſame: Force alſo as 
at firſt; as alſo the thing which reſiſts it, tho' in 
vain, See 2 Herm ring i in the Hgure. 5 


By how much the more an Elaſtick Body is ex- 
panded that reſiſteth any Compreſſion, by ſo 
much the leſs will its reſiſtive Force be, and ſo 
on the contrary; and therefore that Force is al- 


ways equivalent to the Power that compreſſes it. 
Therefore the Denſity of the Air is always as the 
| Force preſſing it; ſo that ſince the Air within is 
| retained in its Penſity by the Weight of the ſu- 
perincumbent Air, if a double Weight be apply- 
| ed, it will become twice as thick, and be com- 
| preſſed in half the Space: If it be compreſſed 
with thrice the Force, it will be forced into three 
times leſs Space; ſo likewiſe if half of the incum- 
bent Air be taken away, the compreſſed Air will 
expand it ſelf into twice the Space it had whilſt 
,,,, 
Hence ſince Air contained within the Walls of 
an Houſe, is of the ſame Denſity with the exter- 
nal Air with which it communicates, it will en- 
deavour to relax it ſelf equally with the external 
Air, and will preſs the Super ficies of Fluids with 
the ſame Force as if thoſe Fluids were immediate- 
ly expoſed to the whole. incumbent. Air; and 
e ae within a Houſe will keep ; at the 
{ame Height in the Torricellian Tube, as if it was 
| | ER 


a 


f 


2 to he Weight of the whole incumbent 
Air. Nay, ſome Part of the Air of the ſame_ 
Denſity with the external Air ſhur up in a Veſſel 
with ſtagnant 9, will by its Elaſtick Force keep 


the v in n the Tube at the ſame Height as before. g 


EXPERIMENT. 


Plate 2. Fig. 19]. Take a Drinking.Gls as 
A, and immerge it in Water, ſo that the Air may 


not get out of it; if you fink it all under Wa- 


ter the Cavity will not be filled, the Air within 
hindering the Aſcent of the Water ; ; which may 
be ſhewn by putting Paper i into the Bottom of the 
| Glaſs, which will not be wet; but if you ſet the 
Paper on Fire, the Air by Heat being ſomewhat 
expelled, the Water will riſe a good way in the 
Glaſs. Upon this Principle Diving-Bells are 


made, by which divers deſcend to the Bottom of 
the Sea and Breath freely under Water; yet the 
_ farther the Bell is ſunk the more the Air will be 
_ compreſſed. When it is about Thirty-three Foot 
under Water, the Air will be compreſſed to half 
the Space which it was before; this ſometimes 
breaks their Blood-Veſlels and makes them Bleed 
at Mouth Noſe and Eyes. 


Take 
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Take 2 Mortar and bind a Piece of Leather on 
| the Mouth of it, then take a Cupping-Glaſs, and 
having rarified the Air by Hear, 2 ns 
on the Leather, to which it will adhere very 
ſtrongly, and the Leather will ſwell within the 
Glaſs, becauſe the Air in the Mortar has more 
Force than that which is rarified within the Glaſs, 
and therefore preſſes the Leather outwards. The 
Glaſs ſticks to the Leather, becauſe the external Air 
| preſſes 1 it down. Upon this Principle Cupping al- 
Þ fo is explained; the internal Air in the Blood rari- 
fies, when the Preſſure of the external Air is taken 
| away and diſtends the Skin, and makes ir ſwell in 
the Glaſs. This is a Proof that there is a great 


deal of Air 1 in x the Blood. 


Prop. XVII. 


T few that the Ascent of Fluids in T her fo 
| Sudon, ariſes from the Preſſure of the eAir. 
| (Plate 4 Hg. 14.) 
When a Man by the Muſcles of his Rreaft en- 
larges the Cavity of the Thorax, then the external 
Air finding room wherein to expand it ſelf, ruſhes _ 
in at his Mouth into his Lungs; ſo that if one 


 Oritice 8 


Orifice of a Cube be in his Mouth, and the other 
immerſed in Water, then that Part of the Super fici- 
es of the Water, which is under the Tube, is free 
from Preſſure; and ſince the other Parts of the . 


F 120 ] 


| aer of the Water are preſt by the ſuper-incum- 


ent Weight of the external Air, it muſt needs be 


( by Prop. 5th) that the Water will aſcend up the 
Tube, to wit, that the Parts under the Tube may 
be equally preſſed by the incumbent Water, as 
much as the reſt of the as uper ficie s of the Water IS 
preſſed by the incumbent Air; ſo that the Preſſure 
of the external Air upon the Super fecies of the reſt. 
of the Water, is the Cauſe that the Water aſcends 
up the Tube. % 


EXPERIMENT. 
Plate 6. Hg. 15.] Take a Glaſs with a nar- 


row Neck but without a Bottom as C, put a Tube 
in its Neck B, and cement them; then tye a Lambs 


Bladder A to the End of the Tale within the Glaſs, 


| and a large Ox Bladder Dover the open End of 
the Glals, fo that the Bladder may be forced in- 
wards and drawn outwards ; when the Ox Bladder 


is forced upwards, you will obſerve all the Air 


within the Lamb's Bladder wherein the Tube is in- 


ferred 
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ſerted will be expelled. If you draw the Ox 
Bladder outwards, the Air will ruſh again into 
the Lamb's Bladder ; after this manner Reſpiration 
is performed. The Air in the Cavity of the 
Thorax acts on the Lungs juſt as the Air in 
the Ox Bladder does on that of the Lambs. 
If the open End of the Tube be immerſed in Ma- 
ter and the Ox Bladder drawn back, the Water 
will aſcend the Tube and fill the Lamb's Bladder. 
Wl Prop: 19." e fr Oe PO here 


Prop. XIX. 7 
Plate 6. Fig. 11.] The Aſcent of Water in a 


Syringe, ariſes from the Preſſure of the external 


Air. Viz. When the Tube of the Syringe is im- 
merſed in a Veſſel of Mater at q, the Piſton being 

brought to RS is left void of Air, ſo that the 
Gravity of the external Air preſſing upon the Su- 
perficies o p, will make the Water aſcend in the 
Tube as high as R S, viz. that the Part of the Su- 


O 


| perficies of the ſtagnant Water at q may be 


preſſed by the incumbent Water in the Syringe 

with the ſame Force as the Superficies o p is preſſed 
by inc incumbent Kirrt. INES 
333333 — 
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A Deſcrip ion of the Al Uu 
which Mr. Boyle made uſe of. 


Shall not give a Deſcription. of this : 
Pump as it was when Mr. Boyle made 
uſe of it; becauſe it may be found in 
e the firſt Part of Dr. Harry's Lexicon 
Technicum under the Word 4 I R-PUMP. 

Plate 5. Fig. Iſt. Repreſents the Pump with all | 
its Apparatus. 
DD is the Handle, which turning with the Nut 
B B, raiſes or depreſſes a Rack A A Hüte to the 
Embolus which raiſes and falls in the Cylinder, 
that is in the Body of the Pump, and cannot be 
een in this Figure, but is repreſented by the third 

Figure as it is when taken out of the Frame. 
i a Plate of Iron ſcrewed down with four 
Screws upon the upper Part of the Pump, with 
2 Notch filed in it for the back Part of the Rack 


to ſlide WI and down! in. It is alſo repreſented in 
Rx. 24 


8 


0123 J. 
G E Lis the Receiver open at both Ends. 
GG is a ſmooth Braſs Plate laid on the Recei- 


ver with a wet Leather to keep out the external 
„ 


H is a Braſs Collar with Cork and Oiled "PA 1 


chers, to let the Wire be drawn up" and down 
without admitting the Air. . 


MN M is the Braſs Plate of the Air. Pump: ; 


on which the Receiver ſtands, with a wet Leather 
between the Plate and Receiver. 


LL is a Board an Inch and an half chick, Kip | 


ported by the Iron Prop P which is raiſed at right 
| Angles with the Side of the Pump 4 b to ſupporr 
the Plate and Receiver when the Pump is made uſe 
of, otherwiſe it hangs down by means of the 
Hinges a and b. 


U is a Braſs Pipe which lies in a Groove made 


| inthe Board, having a Communication with the 
Cylinder towards T, and with the Plate. Receiver 


and Mercurial Gage at N. 


R is a Cock to let the Air! into the exhauſted 


Receiver at pleaſure, which will run in from U 
to N, and ſo up the little upright Pipe into the 
Receiver. 


V 


g. 4. Repreſents the Rack A and Embolus B B, 
which makes up the Piſton of the Pump. 5 


C05 
Os a Glaſs Veſſel with & in it, to receive the 
End of the Glaſs Tube or Cage NO, which has a 


and conſequently how much the Receiver is ex- 


hauſted. 


8 is a Board which ſupports the Veſſel O; kk 
are two Iron Screws to ſcrew the Pump to the 
Floor of a Room when the Experiment requires 
the Engine to be very ſteddy. They are alſo re- 
- preſented - in Bp. Bound} oh „„ 
E is a Cock to let out the Water, which muſt be 
kept at AB above the Cylinder when you uſe the 


j — 


g. 3. Repreſents a Braſs Cylinder Cleft at the 


Bottom, for the Piſton repreſented by Hg. 4. to 


move up and down in. This Cylinder is ſcrewed 


- down 0 the 3 Stool of: the © ump, being let 
.down into the Box under AB; and there is a Ce- 
ment made of Pitch and Brick Duſt poured hot in- 
to the Box about the outſide of the Cylinder, 
which growing hard when cold, keeps it fixed. 


I is a Hole to receive the Screw of the Pipe X 
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99 is a Braſs Plate fixed to the Rack about a 
quarter of an Inch leſs in Diameter than the inner 
— / Cs 
ee ff repreſent three or four round Pieces of 
Sheep's Leather oiled very ſoft, about half an Inch 
more in Diameter than the Bore of the Cylinder, 
which being put on immediately below « Plate 


g , will fold round the faid Plate up towards A 


when the Piſton is let down into the Cylinder. 
"48 Bs ſtiff Piece of Shoe-Sole-Leather, whoſe 


Diameter is ſo nearly equal to that of the Cylin- 


der's Bore, that it muſt but juſt flip down into the 
n,, ff 
B is a Braſs Plate ſcrewed on at the Bottom 
of the Rack to keep the whole Enbolus together. 


| When this Piſton is let down into the Cylinder 


below the Hole T, Fg. 1. the Air between T and U 


eaſily paſſes upwards by the Side of the Embolus, 
I folding the left Leather up round the Plate gg, Fig. 


4. but when you draw it from the Bottom no Air 


can get down below the Embolus, becauſe the Space 


between the Sides of the Cylinder and the Plate 
cd, is not large enough to let the Air fold down- 
wards; ſo that the Preſſure of the Air and Water 

(which always lies on the Ernbolus, the more the 


left 


T- 126 +. 
ſoft Leather is preſſed to the Sides of the cy . 
der, and therefore the Patlage downtyards 228 
the Embolus muſt be cloſe ſtopped and keep out 
the Air, even tho' the Bore of the Cylinder ſhould 
not be truly round, as it happens in this, which T3 
by long uſe was become a little Oval. | 
* 7. is a more exact Repreſentation of the | 
Pipe UT of Fg. 1. S 
IXis that Part which is to ſcrew into the Cy- | 
linder, having a ſquare Place at a to receive 4 
Key of Ng. 5. which ſerves to turn all the Screws It 
with its End s, or its End v. l 
Fig. 7. cab is that Part of the Pipe which lies ( 
C 
{ 


under the Plate that is ſcrewed on at 2. 

c is to {crew on the Part Y at T in Fi g. I. 
4is a Screw to receive a Gage at the Place mar- It. 
ked N in Hg. 1. It muſt have a Valve of a wet [fl 

Bladder at the End of the Screw b, to which the Id 
Cock R is to be ſcrewed, by applying the Key Q u 
Fig. 5. to the ſquare Place near b. 8 - © |£ 
Fig. 6. is the Braſs Plate a quarter of an Inch V 

thick, which is truly flat, having a Braſs Rim round | ti 
it to keep the Water from ſpilling when it is Jra 


made uſe of in any Experiment. 1 1 — 
P Ju 


ß 7 
P is a Hole in the Plate with a Screw to receive 
the little Pipe that ſtands upright under the Re- 
Ceiver. 5 | . | | 7 
N is the Plate with the Bottom upwards, ſhew- 
ing the Screw that fills the Hole z, of the Pipe of 


Ng. 7. at the Place marked N in Fig. 1. 
| The Receiver ij Exhauſted in the folbtoing manner. 


- | When by means of the Handle or Winch DD 
5 | the Embolus is raiſed above the Level of the Pipe 
UT in Fg. I. (that is above the Hole T of the 

s | Cylinder in Fig. 3.) there is a Vacuum in the Cylin- 
der under the Embolus and in the Pipe T L; Fig. I. 
ſo that the Valve at T being no longer preſſed, 
the Air in the Receiver eaſily litts it up by its Ela- 
t ſticity, expands it felt ſo as to fill the void Cylin. = 
ic | der. Then depreſſing the Erbolus the Air comes = 
2 {up our of the Cylinder betwixt its Sides and the 
| Embolus, and fo comes bubbling out thro' the 
h Water at AB, and raiſing the Piſton a ſecond = 
id time, the Air in the Receiver ( tho' pretty much 
is Jrarified already) lifts up the Value at T, and runs 
into the Cylinder with Eaſe, to fill the void Space 
P Junder the Embolus, and then is expreſſed out as 


DE 
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before; and ſo on till the Receiver is quite exhau- 
ſted, which may be known by the og 
the Gage; for when it is got up to ” the ſame 
 Heightas that at which it ſtands i in the Barometer, 
the Receiver is exhauſted ; becauſe the Preſſure of i 
the Air being wholl taken off from that part of Þ 
the Surface of # = 1 
the external Air will preſs upon the other Part of 
che Surface of the ſtagnant &, and ſo raiſe the 2 in 
the Tube, till it makes an Equilibrium with the 
Weight of the Atmoſ phere. 
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ng of & in 
ich is directly under the Tube, 


N. B. Tho the external Air can come into the 
Pipe L T, it cannot get into the exhauſted Recei- 
wer, becauſe the Valve is ſhut the cloſer towards N 
M the more the Air preſſes anda it, * made 


” only to 708 fowards L. 


eee eee 2 CANO eke 


ExyeniMuenTs of the Arz-Pune. 


A your Hand on the Mouth of a ſnall . 
Receiver, and by the Pump draw out the Þ 


* and your Hand will ſwell within the Receiver; 
If 2 few Suctions the Air will preſs upon Yu 


Hand fo that you cannot raiſc it. | 
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TX; Tie 2 Bladder to the Mouth of a Receiver, 


| and extract the Air ; then the external Air will "4 


| preſs the Bladder ſo much, that a Man's Strength 


will not be able to ſaſtain it. 


3. Invert a Receiver, and tie a Weig 


Neck of a Bladder over the Mouth of the Recei- 


ver, and hanging on the outſide of it; having 


drawn the Alr out of the Receiver, the outward 
Air will preſs ſo on the Bladder, as to thruſt it up 


into the Receiver, and raiſe the Weight. 


4. Take a Piece of Glaſs and put it on che 
Mouth of a Receiver, having drawn out the Air, 
| the Weight of the incumbent Air preſſing on the | 
| Glaſs will break ir. By this Experiment \ we prove 

chat the Air preſſes every way; for in what Poſition 
ſoever the Glaſs be, it will ſtill be broken by the i in- 


41 cumbent =. 
| "This is alſo proved by the ſtrong Edlichcn of 
two flat Pieces of Glaſs or Marble, exactly poliſh- 


ed and ground together. As alſo by a Glaſs Reci- 
1 pient ſticking ſo cloſe to the Plate, after the Fxſu- 
I ction of the Air, that it requires a conſiderable 


[Weight to o pull it a2 
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5. In the Torcellian Experiment, if the T; ule 
with the Mercury be pur into a long Receiver, the 
$ will fall down at the Exſuction of the Air, 
-.- 5, The lame Experiment may be tried with Na. 
ter in the Taube; but it is obſetved that the Water 
uill ſubſide ſo falt as N 
J. If in the Tale there be left a ſmall N . 
ble, the Bubble will e 5 it ſelf and fill the 
whole Capacity of the Tube, even ſo much as to 
depreſs the Surface of che Mater, under the Sur- 
face of the ſtagnant Water. 
8. A flavid Bladder, after the Preflure of the ex- 
ternal Air is taken off, ats it ſelf as far as it can. 
9. The Expanſion of the Air in a Bladder, will 
raiſe 24: Weight after the external Air is talen a- 
way. 
15 A Bladder i in which Weights arc put to of nk 
it under Water, will riſe with its Weight after the | 
Extraction of the external Air. 
11. A Piece of Cork, to which is tied juſt fo 
much Weight as to make it fink all under Water 
except the l upper Surface of it, after the Air is ex- 
tracted, will riſe higher; but when you let in the 
Air again it will immediately link towards the Bot- 
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[ 131) 
. Fiſhes in the Water in the Recipient will 
rife to the top of the Water when the Air is drawn | 
out. ; 
"xx & Glaſs Bubble i in which. is left juſt ſo nach | 
Water as will ſink it, after the Extraction of the 
external Air will riſe. 
14. If you draw out the Air from a {quarc Glaſs 
Bottle, the Weight of the incumbent Air will 
. it to pieces. 
If you put duch a Bottle 50 doſcly ſtopt 
der none of the Air can get out of it into i 
Receiver ; after you have drawn out the external 
Air, that which is in the Bottle will ſo dilare i ir el, | 
as to break the Bottle. 
| . 16. If you put two Braſs em i - 
| ſhutting them one within the other, and only put- 
ting a piece of wet Leather berween them; if 
| after chis you pump out all the Air by the Help of 
A Value at the Bottom of one of the Hemiſj pheres, 
| the Air cannot return into them; they will ſtick ſo 
| cloſely by reaſon of the external Air, that it will 
require a very great Force to pull them aſunder. 
17. If you put any Animal into the Receiver, 
and pump out the Air, the Animal will immedi 


| ately dic. 
: a: - 8; If 


VVV 
18. If you take a Glaſs Bottle half full of Va. 
ter, having a Glaſs Tube cemented in the Neck of 

it, one End of which is below the Surface of the 


Mater, and the other being above the top of the 


2; Comet Botha oth ed; Hoot 
Bottle, has a Braſs Top with ſmall Holes in it; if 
you put this into the Receiver, and pump out the 


Air, the Air in the Bottle will dilate it ſelf fo as to 
| preſs on the Surface of the Mater, and raiſe it up in 
Spouts thro". the Holes of the Tube like a Fun- 
VV „ 
19. If you put a Bel] ſo raiſed on a wooden 
Frame, that it may have room to move into a 
Receiver, and pump the Air out; then if you 
ſhake the Pump, fo as to move the Bell, you will 


: hardly hear the Sound of it. 


Ihis is a Proof that Sounds depend on the Air. 
20. If you put a Glaſs of warm Mater into the 
Receiver, and pump out the Air, the Water will 
perfectly ſeem to boil; the Reaſon is this, vi. 
The Elaſtick Force of the Air which is in the Na-. 
ter being increaſed by Heat, and not being preſ— 
ſed by any external Air, it endeavours to dilate it 
ſelt, and by that means makes the Water bubble 
up; this is the way by which the Air may be al- 
moſt all Extracted from the Water. 
„ How 
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How wt Condenſe the Al 
that you may put what Auantity you pleaſe 


55 axe a Feffed 


F Plat * Fi * F you have a Braſs Veſ. 


| which has at the bottom a Valwe, by which the 


Air forced into the Pipe may be kept from re- 


turning again; and likewiſe a Curve Tube ſcrewed 


to it at C, or only a {mall Hole and a Valve at 
| the ſame Place, if then you draw up the Sucker 
of the Syringe, the Air will come in thro' the Tube 
D into the Syringe at C, and the Valve will then 
hinder it from returning. If then you open the 
Cock at B, and thruſt down the Sucker, the Air 


will likewiſe deſcend into the Veflel, and by the 


"x alve at the bottom of the Syringe be hindered 


tr om 


fel half full of Water, 
. with a Hole on the top 
| of it, into which you may ſcrew a little Braſs 
| Pipe at A, with a Cock at B, by which you may 
let in the Air; if on this you {crew a Syringe 


———— —-—-— =o * - 


tim). 


18. If you take a Glaſs Bottle half full of Ne. 


ter, having a Glaſs Tube cemented in the Neck of 


it, one End of which is below the Surface of the 


Mater, and the other being above the top of the 
Bottle, has a Braſs Top with {mall Holes in it; if | 
you put this into the Receiver, and pump out the 
Air, the Air in the Bottle will dilate it ſelf ſo as to 
preſs on the Surface of the Mater, and raiſe it up in 
Spouts thro' the Holes of the Tube like a Foun- 


tain. 


109. If you put a Bell fo raiſed on a wooden 


Frame, that it may haye room to move into a | 


Receiver, and pump the Air out; then if you 


, hardly hear the Sound of it. 


I) bis is a Proof that Sounds depend on the Air. 
20. If you put a Glaſs of warm Water into the 


ſhake the Pump, ſo as to move the Bell, you will 


Receiver, and pump out the Air, the Water will. 


perfectly ſeem to boil ; the Reaſon is this, wiz. 


The Flaſtick Force of the Air which is in the Na. 
ter being increaſed by Heat, and not being preſ-. | 
ſed by any external Air, it endeavours to dilate it 


{elf, and by that means makes the Water bubble 


up; this is the way by which the Air may be al- 
moſt all Extracted from the Water. 
F FRE 
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the 70 ary the Ar IR, / 
| that you may put what N * pleaſe 


into a U * 


will likewiſe deſcend into the Veflel, and by the 
Valve at the bottom of the Syringe be hindered 


tr om 


E you chars: a | Brof Veſ- 
ſel half full of Mater, 
wich a Hole on the top 
of i it, into EA you may ſcrew a little Braſs 
Pipe at A, with a Cock at B, by which you may 
let in the Air; if on this you ſcrew a Syringe 
which has at the bottom a Valve, by which che 
Air forced into the Pipe may be kept from re- 
turning again; and likewiſe a Curve Tube ſcrewed 

to it at C, or only a ſmall Hole and a Valve at 
the ſame Place, if then you draw up the Sucker 
of the Syringe, the Air will come in thro' the Tube 
D into the Syringe at C, and the Valve will then 
hinder it from returning. If then you open the 
Cock at B, and thruſt down the Sucker, the Air 
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from returning; by repeating this often, you may 


put what Quantity of Air you pleaſe into a Veſ- 
fel. If then you take off the Syringe, and ſcrew | 
on in the place of it a Pipe with Holes, when you | 
open the Cork, the Air preſſing hard on the Water, | 
will force it up to a great Height, and will ſpout | 
out in Figures according to the Holes of the Pipe. 


2 Sede S 


, BaromeTERs, THER MO- 


_ . TERS, 


Is evident by what has been already 
proved, that the 5 within the Tube 
gravitates as much on the Surface of 


the ſtagnant Mercury, as the Air docs 


ts. 
| — 
1 


on the reſt of its Surface; and that a Column of 


Air reaching to the top of the Atmo 7 e 3 c 


the ſame Weight with a Column of Mercury of 


the ſame Baſis, and of an Height equal to the 


7 in the Tube. Now if the Air ſhould grow 
heavier, and preſs more on the Surface of the ſtag- 
—ͤ— — nant 


[ 138 J. 1 


nant „ then the # in the Tube maſt riſe higher, 


that it may be cqual in Weight to a Column ot 


Air of the ſame Baſis, reaching to che top of the 


Aitmoſpbere. 


Hence it follows, that the Height of the Y in 


the Tube may be fitly applied to meaſure the 


Gravity of the Air, and on that Account an In- 


ſtrument filled to chat Purpoſe is called a B A. 


ROME TE R. 


Sometimes 5 riſes Thirty lhe ane *K 
ftands at Twenty-nine, ſometimes at Twenty-eight, 


ſometimes it will ſink to Twenty-ſeven, but ſel- 


dom under, and of conſequence the Gravity of 


the Air muſt alter proportionably. 


Since Gravity is always proportionable to what 

the Matter weighs, it is impoſſible that the Air 

ſhould change its Gravity, without changing its 
4 therefore ſome have 


ht this Difference of the Airs Gravity to 


Quantity of Natter ; an 


thoug 


' proceed from its being more or leſs over-charged 
with Vapours ; if this were the Caſe, there muſt 
be as many Vapours | in the Air at a time, as are 
equal to Three Inches of yg, for ſo much we find 

the 5 riſes. or falls. 
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Now p is about Fourteen Times heavier dan : 
Water, and conſequently there muſt be in the Air ar | 
once, as many Vapours as will cqual in lengtha | 


2 


Column of Water of Forty-two Inches high, and 
whoſe Baſts 1s is equal to the Surface of the Earth ; 1 


which is more than falls down in Rain during a 


whole Year; for a whole Year's Rain does not fill 
2 Veſſel above Fourtcen or Fifteen Inches high, 


© 


as 1s obſerved i in the Hiſtory of the Royal wal 
at Paris. 

The Reaſon then why the Air is heavier at one 
time than another, ariſes from their being more 
Air in that part of the Earth's Surface, where the 


Air grows heavier, and this proceeds from Minds. 
FW. 75 If the Wind. (which is nothing but a 


Stream of Air) ſhould blow over any Place, and 
the Air thus moved ſhould be kept in that Place 


by Mountains or Hills; or if two contrary Winds | 

ſhould blow on the ſame Place, the Air would be 
heaped up in the Middle, and conſequently there | 

being more Air, its Gravity will be increaſed ; but 


if a Wind n blow over a Country, che Air 


which is over that Place will be leſs in Quantity 


and conſequently lighter. Hence it is plain, that 
Winds are the ny Cause of the Air's Gravity. 


When | 
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Word grove” is heavy, the Sun acting on the 


Surface of the Water raiſes the Vapours from it; 


theſe being raiſed are ſpecifically lighter than Air, 
and conſequently they muſt riſe higher, till they 


come to an Air of the ſame Specifick Gravity 


with themſelves, where they will reſt; and a vaſt _ 
Collection of theſe Vapours from Clouds, ſo 
long as the Air continues heavy, the Vapours will 
be tuſtained, and the Weather will be Fair. But 


- 


if the Air turns lighter, the Vapours which were 


in Aquilibrio with it before, will now preponde- 


rate, and conſequently deſcend; in their Deſcent 


being continually. checked by the great Reſiſtance | 


2 


of Air with which they meet, they will be con— 


denſed; this Condenſation will ſtill grow more 
and more, till at laſt they are formed into Drops 
"of: Ram: 15 „ wu 
Hence it follows, that when the $ in the Tube 


is high, then the Weather will be Fair, and when 
it falls low, the Vapours then not being ſuffici- 
ently ſuſtained by the Air, muſt alſo fall, and the 


| Weather will be rainy, and the Rain more or leſs 

according as the Mercury riſes or falls in the 
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Upon this Principle common Meather-Claſſes 
are made; but to makefthe Change of the Air's 
Gravity more viſible, ſeveral Inſtruments have 
been contrived. hi, „ 
Plate 2. Fig. 21.] The Wheel-Barometer which | 
conſiſts of a Recuryve Tube A B CG E filled 
with &, the Gravity of the Air preſſing on the 
Surface E, there ſwims a Leaden Ball tied to a 
String, at the other End of which there is alſo ti. 
ed a Weight, and the String runs on a Pulley at 
C, to which there is an Hand or Index applied, 
which moves along with the Pulley; and a large 
Piece of Braſs BE GE divided into any Num. 
ber of equal Parts, marked 1, 2, 3, c. When 
the 9 falls at B it muſt riſe at E, and conſequently 
raiſe the Ball with it, whereupon the Weight at 
D will deſcend lower, and draw the String with it; 
and by this Motion the Pulley being turned, the 
Hand will ſhew the leaſt Variation of the Air. 
This was invented by Dr. Hook ; but this Inſtru- 
ment has one Inconvenience which makes it al- 
moſt uſeleſs; for in damp Weather the String to 
which the Weights are tied, is contracted ; and in 
dry it will grow longer; by this Motion it will | | 
move the Hand, when in the mean time 92 
— — has 


ER 


[ 139 1 
has neither riſen nor fallen. A Watch String will 
do better with an Iron Ball inſtead of a Leaden 
one, which would be eaten up by the y. 
Plate 6. Fig. 18.] 2. HU GENS contri- | 
ved another Inſtrument after this manner. A B 
DEF is a Recurve Tube, ſo made that the two 
Parts of ir AB and DE have a much greater Ba- 
ffs than the reſt, the Tube being filled wich p the 
Gravity of the Air preſſing on * Surface at 8 mw? 2 
ſuſtain the 4 to the Height AB, the Parts A Band — 
D E being of an equal Height; if the s fall an = 
Inch at A B, it will riſe as much at DE. Thro' 
the Orifice M on the Surface DE is poured Oil 
of Tartar per Deliquium, or Spirits of Wine, or = 
ſome other Liquor that will not Freeze, to the — 
Height F. Now when the p riſes at DE but an - 
Inch, it will raiſe the Liquor which is poured into | 
the Tube KI an Inch; and the ſlender Tube M? | 
being of a much leſs Baie than the Tube KI, it 1 
muſt riſe higher in MP. Thus if the Baſis DE be | 
ten times greater than OP, for one Inch that the Li- = ol 
quor riſes in the Tube K I, it will riſe ten Inches oo 
in the ſlender Tube MP. If # falls one Inch in 5 
the Tube A B, the Liquor will riſe ten in 1 MP. 3235 
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This Sort of Barometer has alſo an Inconveni- 


ence, which is, that as the Weather is Hot or 
Cold, ſo the Liquor in the Tube M P will di- 
late or contract it ſelf, and conſequently riſe or 
fall ; whereas the &_ continues still the ſame : 
i Height. 7 
= 3 Since 3 ina Tube keeps on the fame 4 

Height, however the Tube be inclined; the beſt 

: Contrivance for a Barometer ſeems to be this. 
ABS Tube (Plate 6. Hg. 39: bended as in 
the Figure; B C is about Twenty-ſix Inches long, 


O? 


and AB ſo inclined that it may be Fifteen, where- 
as the J AE would not be above Five, according 
to the Structure, for every Inch the g riſes in the 
ordinary Tube, it will riſc Three in the inclined : 
Sie 

V 0 ME TE R $ ſhew che diffe- 
rent Changes of Air, as to Gravity and Levity, 
whence we eſtimate Fair and Foul-weather ; ſo 
| Thermometers are made uſe of to meaſure the va- 

rious Temperature of the Air, as to Heat and 


Cold ; to diſcover which there are ſeveral Inſtru- 


ments contrived. 


Plate 6. Fig. 13.] 1. The Firſt is almoſt inthe 
Form of a Barometer, oy the upper End of the 
Tube 


k 


Tube ends in a large Glaſs Ball. This Ball is hea- 


ted by putting near the Fire, ſo that the Air in it 


will be rarificd, and ſomewhat expelled by Heat; 


then immediately the Neck of the Tube 1s to be 


immerſed in ſtagnant Water, which ſhould be tin- 


ged with ſome Colour that it may more caſily "A 


perceived. As Air in the Ball A begins to cool, 


it being more rare and leſs compreſſed than the 


external Air, the Water in the Veſſel will be im- 


pelled up into the Tube to B, by the Force of 
the external Air, and ſo compreſs the Air in A as 
much as the external Air is compreſſed. Now if 
the Air in A be afterwards again more heated, it 
will endeavour to expand it ſelf, and fill up 2 


greater Space, and ſo preſs the Water down ; but 


when it grows cooler it will be contracted into a 
leſs Compaſs, and the Water will again aſcend; 


ſo that when the Water in the Tube deſcends, the 


Air is hotter, and when the Water aſcends, the 


Plate 6. Fig. 1.] 2. The ſecond Kind of 


THERMO SCO P E is by a Recurwe 
Tube, thro' the Orifice of which at D, the tinged 
Water is poured, and fills up the Space B C. com- 


preſſing the Air in the Globe A, in which, when 
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the Air grows more hor, it expands it ſelf atid 
takes up the greater room by preſſing the Water in 
the Tube upwards. to D; and when the Air is 
cooled, it is again come and the Water falls 
down; ſo that the riſing of the Warer denotes its 
Heat, and the falling the Coldneſs of the Air, 
contrary to what is done in the firſt Sort. 
Plate 6. Fig. 12.] 3. The third Sort is in this 
Faſhion. Thro' the narrow Neck of a Glaſs Bot- | 
tle filled with Water, is put a long Tube open at 
both Ends, the lower End of which is immerſed. | 
below the Water; after having fixed the Tube with 
Cement, ſo that tha can be no Communication | 
berween the external Air and that in the Phial, Air 
is blown ſtrongly thro' the Tube, by which thc 
Air in the Phial is compreſſed ; and therefore it 
will preſs the Water up to D; and if the Air al- 
ways continues in the ſame Tenor as to Heat and 
Cold, the Water would always continue in the 
ſame Station; ; but when the Air in the Phial 
grows hotter, it will endeavour to expand it ſelf, | 


and preſs more ſtrongly on the Surface of the Wa- 


ter, and raiſe it higher in the Tube. 


In theſe Sorts of Thermometers, and all others 


which have any Communication with the external 


wh 


N 
: 
r 
t 
t 
l 


mn — 1 -_ 


l a 
Air, the Liquor will not only be raiſed or depreſ- 
ſed by the Change of Air, as to Hear or Cold; : 
but 1 to any Alteration as to Gravity or Levi- 5 N 
ty; and conſequently the Temperature of the Air 7 
as to Heat and Cold may remain, when neverthe- 
leſs the Height of the Water may be conſiderably 
—_— CY Oe 
= Plate 6. Fig. 5] 4 This Sort of T HER- 
MOSCOPE is not liable to the fame Incon- 
convenience. It is a long Tube with a Glaſs Ball g 1 
at the End of it, which being filled with high — 
and rectified Spirits of Mine halt up to D, the fe- 
maining empty Part C is conſiderably heated, that 
the Air may be expelled ; after this the top of 
the Tube is to be immediately Sealed Hermetical- 9 5 if 
ly, ſo that the Air may not re-enter the Tube; | 
then the Rarefaction and Condenſation of the l 
Spirits of Wine, by which it riſes or falls in ie 
Tube, according to the Degrees of Heat or Cold, | 
ſhew the Temperature of the Air as to Heat and 9 
„ 5 o 3 
Plate 6. Fig. 14.] 5. Another Sort of Ther- 
moſcope is thus contrived. A and B are two Cy- | 
lindrical Glaſs Veſſels joined to the Recurve Tube \ 
DG Fz the upper Part of the Veſſel A is void of 5 
mn en 2 5 ö 


* 


T7 
OY and the reſt is filled with x, as in the . 
cellian Experiment, and the 5 riſes half way in the 
Veſſel B. On the Surface of the 5, therę is put 
ina Tube ſome tinged Liquor, or rather 1 07 
Tartar per Deliquium, which will not Freeze, 
uVhich reaches up to D, to the End of the Tube 
BK; a Glaſs Globe CG full of Air is Sealed on 
Hermetically, to prevent Communication with the 
external Air. In this Thermometer, when by the 
Cold in the ambient Air, the Air C is cooled and 
condenſed; the 4 will by its own Weight ſubſide 
in A, and riſe higher in B, and conſequently im- 
pel the Liquors up into the Tube B K; and it 
the Baſes of the Cylindrical Veſſel A and B be tcn 
Times greater than the Baſis of theTube B K ; when 
the 2 falls one Inch in A, or riſes one in B, the 
Liquor will riſe ten Inches in the Tube B K; allo 
if the Air be heated in C, and rarified, it will by ex- 
panding it ſelf, make the > deſcend in B, and riſe in 
1410 tha the ſmalleſt Variations as to Heat and 
Cold are thus ſhewn by the Aſcent and Deſcent of 
the Liquor in the Tube B K. 
Io meaſure the Moiſture and Dryneſs 1 the Air, 
we ule an Inſtrument called an H YD BOM E- 
TER of which there are to or three Sorts. 
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ries! Pig. mT 1. The Firſt is med 77 


d Aa in one of the Scales of which is 


put a Piece of Spunge, and in the other à Weight 
to Counterpoiſe it; the Spunge in damp Weather 
imbibes the Moiſture and grows heavier. In dry 
Weather the Moiſture being exhaled, the mals 
becomes lighter: And fo by the Motions of the 
Examen we find the Alteration of the Air, in re- 
ſpect. of its Humidiry. To make the Variations 
the more ſenſible, the Examen of the Balance is 
made very long, which paſſes on a circular Arch 


of Braſs divided into Degrees, marked 1, 2, „ 


&'c. According as the End of che Examen is at 
any of theſe Degrees, ſo we judge of the Wea- 
ther. 

Plate 6. Eg. 2.] 2. Another Sort is 8 
after this manner. To a Rope or Cat's-Gut, a 
Cylindrical Weight i is tied ; in damp Weather = 
Rope by ewiſting | it ſelf will Wn: and pull up 


9 the Weight, and 1 in fair Weather lets it ſink farther Y 


down. E make the Variations more ſenſible, 
the Cylindrical Weight being about fifteen or ſix- 
teen Inches round, 1s divided into thirty or forty 
equal Parts, marked I, 2, 3, Cc. To prevent its 
being Irgured a Glaſs is pur over it, thro' which 
. | the 


1 46 


the String paſſes at A; this Glaſs is covered with 
Brown or Blew Paper, except one ſmall Hole, 
_ thro! which the Figure on the Side of the Weight 
may be ſeen. Now the twiſting or untwiſting of 


8 
the Rope, according to the Variation of the 


Moiſtneſs of the Air, will always PRES: a new 
Figurc to the Hole. 


Plates. Hg. 17.] 3. A third Sort of H 3 | 
D ROME IT ER is made with the Beard of: a 
wild Oat, or the Husk of a ſmall Yetch, which in 


dry Weather twiſts, and in wet Weather untwiſts. 


One End is faſtned to the Bottom of a Box, the 


other comes thro an Hole in the Lid, and has an 
Index adapted to it, ſo that the Motion of the 


Hand or Index on the Top of the Box ſhews the 
Variation of the Moiſtneſs and Dr ynels of the | 


| Weather. 
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DEFINITIONS. 


JAYS of Light are thoſe which are 
= CN diffuſgd every way in ſtrait Lines thro 
bbſe ſame Medinm, and ſpread then- 
Ou ſelves conſtantly after the ſame Tenor, 
au long as they continue in the ſame Medium. 


2.4 Radiant is that, from whoſe Points Reys 


diſperſe themſelves every way = ©&£9 
ſpe Dian Rays {Pla . Fig 3) are: thoſe 
zhich meet in a Point oppoſite to the Direction o 
their Motion, or thoſe Rays which ſpread themſelves 
after that manner, as if they had all come from one 
Point, whether they really came from that Point or 
not. As the Rays B D going from B to D, are 
ſaid to diverge from the Point C, whether they actu- 
ally come from it or not; for tho they ſtoul come 
from A, they are ſaid to diverge from C, becauſe 
if you produce them from B till they meet in a Point 
oppoſite to the Direction of their Motion, that Point 
J ˙Üü 
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4. Converging Rays are thoſe which meet, or being 


piroduced, meet in a Point towards that Part whither 
l ſe Direction of the Motion tends. As the Rays 
DB are ſaid to Converge towards C, whether they 
meet in C, or after Reſraction thro' the Glaſs EE, 


they go on Parallel to the Line A CD. 


5. The Focus i that Point cohere the R 


meet. © 


6. Parallel Rays are thoſe which come from a 
Point at a great Diſtance from dus, and contain but 
4 ver) ſmall eAngle one with another, as from the 


7: Rigs ave ſaid to Reflect, rahen they are turn- | 


ed backward in the ſame Medium. 


4 real Focus is the Place where the Rays actual. 
ly meet, as (in Fig. 5.) the Point B where the 


Rays D meet, after they have paſt the Glaſs CC, 
and the. Point 4, where theſe converging Rays 
' wwou'd meet, if there was no Glaſs at C 8 

the Imaginary Focus. 1 


Plate 7.] In 4 Concave Mirror, if e 


be an Object, E will be the Focus of the Rays, 
which having diverged from the Object, and fal- 


len upon the Concave Mirror, are by Reflection 


made to Converge at E. 


„a called 


= Plate 


CC 


J. 


1 


C Plate 7. Fig. 3.] 


S8. The Angle of Incidence, is that which is con- 
tained under the incident Ray (Fig. 2. Plate 7.) 


and the I to the Plane of the Point of Incidence, as 


9. The Angle of Reflection is that which is con 


tained under the reflected Ray, and the ſaid L as 
|} the Angle D BC, ſometimes B E, and DB H 
are called the Angles of Incidence and Reflection. 


Mo \ 
THEOREME. 


The Angle of Incidence 7s always equal to that 
of Reflection. This is confirmed by Experience, 
and has been ſeveral ways Demonſtrated by Ma- 


thematicians. 5 : 
10. Specula, or Mirrors, are i boſe which by re- 

fecting of the Light form Images of external” Ra- 

giants. 8 5 = ee 1 


oo A Concave Claſs tranſmit- 
ting Light, has no real Focus of parallel Rays, le- 
cauſe after they have paſſed the Glaſs they diverge 
from one another, as the Rays A after they have 
paſſed the Glaſs E diverge towards D, but the 


Point Cu called the Vertical Focus of the Concave 


THE 
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Plate 7. Fig. I. org] 


c [ 30 T 
5 E 0 * E M E. 


A Y 8 coming aw A 
Point A, and falling 


on a plain Niirrsk BC, after Reflection divergc 
from the Point 4, which is in the I as far behind 
the Glabs, as the Radiant is before it For becaulc 
AB equal to 4 and B, and D Bis common to 


the Triangles A B D ad” aBD, and the Angles 


at B are equal, the Angles A DB and 4 DB will 
be equal, per 4th El. I. But by the 15 of the 
{ame, the Angles) DA Band G D Care equal; therc- 
fore, if A D be the incident Ray, GD will be the 
reflected. After the ſame manner it may be ſhewn 
that I E is the reflected Ray of the Incident A E and 
FPFof AF; and therefore all the reflected Rays, if 
produced, wilt meet at a. If the Eye was placcd at 
H, it would receive the Rays which come trom A, 
and are reflected at the Surface B C, as if they. had 

_ really come from 4, and conſequently che Eye will 
be rhe ſame way affected as if it came at O, Fig. 4. 


and received the Rays coming from A; and 
therefore the Eye at H will fee the Image of the 


Point A. at a. 


Fig. 6. 


r / K 


{151 ] 


Fig. 6. Plate a7; Since the Image of every 


2 


Point is as far behind the Glaſs as the Point is before 
the Glaſs, the Image muſt be the ſame way inclined 
to the Glaſs as the Radiant is. So the Image of 


the Point A muſt be at 4 and the Image of the 
Point E muſt be ar e. 


Hence it follows, that if the Glas 15 horizon. 
tally, Objects wall have their Images inverted, and 
Men will appear with their Heads downwards, as 
when, we look in che Water. 5 


What has been ſhewn of the principal Bache 
is alſo true of their Images; for they may be confi- 


dered as Objects which-tend Rays; and therefore 


if there be another Glaſs to receive theſe Rays, 


there will be another Image formed within that 
Glaſs, and ſo that Image will ſtill have another I. 


mage, &'c. From whence ariſes the Multiplicati- 


on 7 Images by the help of two or three plain 


Looking-Glalſs 


Plate 7. Fig. 7.] Suppoſe two Looking-Glaſ- | 
os B CE FE, let the Radiant be A, whoſc Image by 
the Glaſs B Gi is 4; this Image being conſidered as 
2 Radiant, will ſend Rays to the Gla EF at a, 
and this Image will likewiſe have its Image in the 


Glaſs B Cat &, and fo vou may multiply Images 
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as faras you pleaſe. If GD HEXE (Bg. 
incident Rays, their reflected Rays will he: 5 A, X 
A, FA, i. e. if Rays be converging to the Point a, 
chere to form an Image; and there be interpoſed a 
plain Speculum B, they will reflect to the Point 
A and Form an Image there. e anſwers 
ro this exactly. | 4 


Fig. 9.] Take common Reading or e 
Claſs E, and put the Radiant at A. Let the Place 


of the Image to be formed be 4, put a Looking- 
Glaſ. s at B 8 and a Man's Eye at O will fee t 
Image ar in the Air between him and the Glass, ; 
for dy the Burning-Glaſs the Rays coming from 
a Point in the Radiant A are made to Converge to 
a correſpondent Point in the Image 4; but by the 
Looking-Glaſs they arc intercepted and reflected, 


therefore they will be turned another way, and 


thoſe that went from one Point at A will meet 


- with another correſpondent to it at a, where 1 


will form an Image. 
In Concave Spherical Mirrors the Image of any 


Point is always 1 in a Line Paſſing thro' that Point 


and the Center. 
Plate 7. Fig. 10.) Thus the Image of the Point 
E will be at e, the Image of Fat 20 . and the Image 


N —— Hence 
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| Hence it follows, that if whe Auge be in the 


Air before, it will appear inverted. The Reaſon 
why che Image is formed, is, | becauſe all the Rays 
which come from the Point E, and falling near the 
Vertex of the Mirror, reflect ſo, that they will 
meet at e, whence they diverge, forming at e the 
Image of the Point E. After the ſame manner 
thoſe which come from F after Reflection meet a- 
gain at f, and there form the Image of F. 


If the Radiant approaches the Glaſs, the Image 
ill recede from the Glaſs, and at the Center of 


the Sphere they will both meet. 


If the Radiant approaches ſtill-nearer, the 4 


mage will go out beyond the Center; and when 
the Radiant comes to be at the diſtance of a quar- 
ter of the Diameter from the Vertex, the Image 


will be out at an infinite diſtance. When the . 


diant comes nearer to the Glaſs than a quarter f 
the Diameter, the Image appears behind the Glaſs, 
and erected. It the Mirror be Convex, the I. 


mage of an external Radiant is . behind the 
Glals. 5 
Plate 7. Fig. 8. ] The Maghitadc of the L 
mage-may be known from this ; that it always ap- 
pears under the ſame Angle from the Vertex of 
X the 


formed, is the midile Point between the Vertex and 
Center of the Speculum; in all theſe Caſes where 
the Radiant is ſupported at an infinite Diſtance, l — 
as the Sun, and the Rays ſent from it are reckoned 

as Parallel. N 1 


the Speculum that the Radiant does, and conſe- 

. quently they will have the ſame P roportion ONC 

to another as their Diſtances from the Vertex have; 
and therefore if the Radiant be farther off chan 
the Diſtance from the Glaſs, it will be bigger than 
the Image, if at the ſame Diſtance at the Center 
they are equal; if the Image is farther off than / 
the Radiant from the Glaſs, it will appear bigger 
than the R adiant. See the Figure where E may be 

the Radiant, and e the Image; or e the Radiant 
a 


N. B. The Focus or Point where the Image i 


| 
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the Speculum that the Radiant does, and conſe- 
quently they will have the ſame Proportion one 
to another as their Diſtances from the Vertex have; 
and therefore if the Radiant be farther off than 
the Diſtance from the Glaſs, it will be bigger than 
the Image, it at the ſame Diſtance at the Center 
they arc cqual ; if the Image is farther off than 
the Radianr from the Glaſs, it will appear bigger | 
than the Radiant. See the Figure where E may be 
the Radiant, and e the Image; or e the Radiant 
ana E me image. eos aa 


N. B. The Focus or Point where the Image is 
formed, is the middle Point between the Vertex and 
Center of the Speculum ; m all theſe Caſes where 
the Radiant is ſupported at an infinite Diſtance, 
' as the Sun, and the Rays ſent from it are reckoned 
TT F . Ny 
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DIOPTRICKS. 


HEN 4 Ray of Light comes out of one 


RON Medium into another, it changeth its Di- 


8 
rection. This changing of the Direction N 


1s. what we call Ref; raction. 


Plate 7. Fig. 12-4 - The Angle of Reſradtion 
is comprehended under the refracted Ray, and a 


J drawn to the Surface of the refracting Medium, 
at the Point where the incident Ray falls on 5 


ſame Medium asthe Angle H D K. If the Ray of 


Light goes into a e Medium, it comes ncarer 


= x1; ; if into a thinner, then it recedes from the l. 


Fig. 11.] There are ſcveral ways to ſhew this 


by Experience. V. C. Take a Baſon, into which 
put a Picce of Money at A, and then recede fo 
far back, that the Sides of 1 5 Baſon may inter- 
cept the Sight, ſo that the Light cannot come in 
a ſtrait Line from A to the Eye at D; if Water be 
afterwards poured in, the Money will be ſcen; for 
the Ray AB when it comes to the Surface of the 


> RR Air 


D B, and ſo enters the Eye. 


e 0 ol ES 
Air at B, changeth its Direction, and goes off in 
Hg. 12. Plate 7.] Suppoſe the Medium EC. 
to be Air, HK Glaſs or Water, and AB the Sur- 


face of the Medium HK. Let E D be a Ray of 
Light, entering the Medium at D, as the Angle E. 
DC is the Angle of Incidence, ſo is HDK the | 
retracted Angle, and the Sides of theſe Angles. | 
have always a certain determinate Proportion to 


one another; and if you take ſmall Angles, they 
themſelves are always in this Proportion. It EC 


be Air, and HK Glaſs, the Angle ED C is to H JF[F 
D K, as 3ro2. If EC be Air and HK Water, 
the Proportion between the Angles ED C and H 
UAE EE” 3 
Hg. 13.] To ſhew Refraction more plainly; 


take a common Burning-Glaſs, and cover it with 
Paper, in which let there be two Holes, thro' which 


the Light is to paſs at Band C, then put a Candle 
at A; the Light paſſed thro' without bending 
the Rays coming thro' the Holes B and C, ought 
to diverge farther and farther from one another; 
but we find that if the Light be received on a 


Piece of Paper, the Rays converge one to another; 


when the Paper is at I, the Light falls at GK; 
: - * when 
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when it's removed farther, the Rays fall at D E ncarer 
one another, and when the Paper is removed to F, 


there the two Lights. coincide and then diverge As 


Plate 8. Fig. 4] Suppoſe 8 H Water, I AF 
Air, the Rays coming out of Water into Air are 
refracted, ſo that thoſe which came from the Point 

E, ſeem after Refraction as if they had come from 


C, and enter the Eye ar I A, as if they had all 


1 come from that Point. S0 char 2 E is a r 


* of BE. 


Hg. 3. Plate 8.) Hence when v we look on an 
Object in Water, it appears a quarter nearer the 
Surface than it is; and on the {ame Account an 
Oar in the Water will appear bent, for. the. Point 
A will appear higher, vi. at B, and the Point C. 
at D; ſo that the Oar i in the Water inſtead of be- 
ing Goes in the Poſition F CA, will be. ſeen in that 
of-F DB. 
Plate 10. Hg. 6. J-- IF the Object A be ſeen 
thro' the Priſm 8 H, by the Eye at D, it will ap- 
pear as if it was at ©; tor the Rays falling from 
A obliquely upon the Surface of the Priſm at H, 
are refracted towards the J E (becauſe they go 


from Air into Glaſs) and would go ON fill in 
We: 
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the Direction HG if they continued to move in 


0 Glaſs, but emerging out of Glaſs into Air, they 


are relracted from tlic 1 to E, and; going on in the 


L inc D G, enter the Eyc as if they came directly | 


from C. 


If the ſame Object be ſcen thro! a Medium 
which terminated by many plain different Surfaccs, 
ir will appear to be multiplied into as many as 
there are Surfaces, for thro' every Surface the Ob- 
ject is (cen in a differ Place ; and conſequently 
as many Surfaces as there are, ſo many diſtinct Ob. 
eit will appear. The Rays which come from 
the Objects thro! theſe different Surfaces of the 

Glaſs b the Images therein on different 

Parts of the Retina | 
A Lens is a Glaſs which is benin by two 
Spherical, or one Plain and one Spherical Surface. 
And it is Convex on both Sides, or Convex on 
one Side, and Flat on the other. 

Concave on both Sides, or Concave on one 
Side, and Flat on the other. 

Or a Meniſcus, that is, Concave on one Side, 
and Convex on the other. : 

Plate 10. Fig. 5.] When Rays diverge 1 a- 
ny Point of a an Object, and {pread themſelves e 


Yery 
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very way, if then you expoſe a Convex-Lens to theſe 
Rays, they will form a Cone, whoſe Vertex is at 
the Point of Divergence, and Baſe at the Lens; as 
the Rays which diverge from A, and fall on the 
Glaſs CD; when cheſe Rays paſs thro' the Glats 
they are all retracted (except that which falls ar E 
on the Middle of the Glaſs). and meeting again "WW 
the Point B, form anotlier Cone whoſe Baſe is the 
Glas CD (on the other Side) and Vertex at B; 
This Cone together with the other Cone is called a 
Pencil of Rays, and A E is the Axis of the Pen- 
cil, or a Line drawn from the Point of Diver- 
gence on the Side of the Glaſs, to the Point of 
Divergence on the other. There are as many Pen- 
cils of Rays thro' a Glaſs as there are viſible Points. 
in the Object, and tho the Axr of the oblique 
Pencils ſuffer ſome Refraction in paſſing obliquely 
thro' the Lens, yet they are not to be looked up- 
on as refracted, becauſè after they have paſſed the 
| Glaſs, they go on in a Line H, Fig. 5. to the 
L ine in which they moved before hey centered it, 
and rhe thinner the Glaſs is, the more inſcnlible 1s 
that Refradtion. 

Plate 8. Fig. 1.] A a, B , Ce, repreſene 
three Pencils 5 Kan palling thro” a double Con- 
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dex-Claſs. When the Object AB C by means of 
a double Convex-Claſs has its Image projected at 
at hc; the Angles which the Axis of theſe Pen- 
cils that come from the Extremities of the Object 
make with the Middle of the Glaſs, determine the 
Magnitude of that Image; and the Place where the 
Pencils of Rays terminate on theſe Axes, is called 
the Diſtin Baſe, becauſe there only is the moſt 
Di ſtinct Image of the Object projected. 


Plate 8. Hg. I.] By the former Experiment it 
was ſhewn, that the Light which comes from a 


certain Point in the Candle, placed at a due Di- 
ſtance from the Glaſs or Lens, was made by Re- 
traction to converge and meet at a Point; there- 
fore it there be an Object placed before the Glaſs 
at ABC, all the Rays which come from the Point 
A will after Refraction be made to conver 


ge at 
of ern 4 | addin Rr 
the Point , and all the Rays which come from B 


will after Refraction meet at b, and all the Rays 
uvhich come from C will be refracted to c; and if 
the Eye be at a, it will reccive the Rays diverg- 
ing from the Points a be, the fame way as if it 


had received the Rays directly coming from the 


principal Radiants A B C; and therefore the J- 
mage will be formed at abc and inverted. = 


1t 


| Pg-12 742. 
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If a piece of paper be placed at abc, the Rays 


will thence be reflected by the Paper, and will 


Point on the Paper the nage of the Radiant. 


The Image and the Radiant have always the 


ſame Proportion the one to the other, that their 


Diſtances from the Lens have; and therefore it-- 


the Image be farther from the Lens than the Radi- 


ant is, it will be bigger than the Radiant is; if 
nearer it will be leſs. If the Radiant at ABC be 


brought nearer to the Lens, the Image will recede 


5 farcher from it; and it may be brought to ſuch a 


determinate Diſtance, as to caſt the Hage as far 


fror the Glaſs as may be required to magnific it 
to any given Proportion. It the Glaſs be equal- 
N Convex on both Sides, and the Radiant placed 
at a Semidiamerer's diſtance from the Lens, the J. 
| mage is caſt out at an infinite Diſtance ; and if the 
Radiant be placed ar an infinite Diſtance, the Image 


is at a Scmidiameter's diſtance from the Lens. 


If the din be the Radiant which is at an infinite 


Diſtance, and the Glaſs be ſufficiently broad ; in 
the Place of the Jmage there will be a Flame, 


which will burn very intenſely, becauſe all che Rays 


which come directly from the Sun, and tall on the 
broad Lens, are by Retraction brought 1 into 2 (mall 
Space to form the Image. K Plate 


i 
: 
| 
; 
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Plate 8. Fig:6.) If at the Place of the Suns 
Image (which is ſometimes called the Focus of pa- 
rallel Rays, or ſometimes ſimply the Focus) there 
be placed a Lucid Body, as a Candle or Lamp, 
the Rays, after Refraction thro' the Lens, will go 
cout parallel, and not diverge from one another; 
and the Light not ſpreading, will continue in the 
ſame Intenſeneſs at all Diſtances, and conſequent- 
ly it will illuminate Objects at a diſtance. On 
this Principle Convex-Lanthorns are made. 
If the Radiant be nearer the Lens than the Fo- 
cus of parallel Rays, the Image will not be ſeen 
on the other Side of the Lens, bur on the ſame 
Side that the Radiant is, only farther of, and not 
weinen, nee 5 5 
Tig. 5.] Suppoſe ABC a Radiant nearer to 
the Lens than the Focus of parallel Rays, all the 
Rays which come from the Point, A, will enter the 
Eyc at E, as if they had come from the Point &; 
and all the Rays which come from B and C will 
ſeem to have diverged at firſt from b and c; and 
ſo the Eye will fee the Object not at ABC, but 
at 4 be; and becauſe the Angle DE D is the ſame 
with a Ec, the Object will be ſeen magnified, 420 
£ being greater than AB C. . 


I 


„„ 
If a Room be darkned, and only one Hole 
made in the Window to let in the Rays which 
come from external Objects, and in the Hole 
there be placed a Convex Lens, this Lens will form 
the Images of all external Objects that are before 
it; and if at a diſtance there be put a Piece of 
white Paper, the Images will be received on it, 
and they will all appear inverted : The Reaſon of 
which follows plainly from the former Principles; 
for all the Rays which come from any one Point 
of the Object, will by Retraction be made to 
meet at one Point on the Paper, and thence they 
will be reflected again; and the ſame thing is true 
of every other Point: So that the Image of cvery 
Point thus put together on the Paper will ſhew the 
Image of the radiant Object in che lame Colour 
the Object is of, becauſe every Image is formed 
by the very ſame Rays, and of the very ſame At- 
tection as to Colour, as they which come from 


the Objects are. The Objects being much farther 


from the Lens than che Inages are, theſe muſt be 
much leſs, and the nearer the Object is to the 
Lens, the Image will be the farther from it, and 
appear the bigger. Re 
55 a. If 
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If the Object move, the Image will allo ſeem 
to move; provided it do not move directly to- 
wards the Lens. By this Principle the Proſpect of 
Places may be taken. LEE os „ 
Plate 7. Hg. 14.] The Appearances of the 
Magick Lanthorn differ but little from thoſe of 
the dark Chamber. The Lanthorn has two Con- 
ve x- Claſſes at A and B B, and a Lamp burning; at 
P there is a Slit made to hold a long Piece of 
Wood DC, in which are cut ſcveral round Holes 
to hold the Pictures which are of painted Claſs; 
and the Flame of the Candle or Lamp E being 
great, a conſiderable Quantity of Light falls on 
the Pictures, and paſſing thro' the two Lens's, 
will form the Images of theſe Pickures on the op- 


pPoſite Wall: The Pictures being much nearer to 


the Lens than their Images on the Wall, the Images 
will be prodigiouſly larger than the Pictures, ac- 
cording as the Wall is diſtant. If by pulling out 
the Tube in which the Lens B is fixed, you make 
the Diſtance from the Pictures greater, the Di- 
ſtance of the Images will be leſs, and conſequent- 
ly the Images themſelves will be leſs in propor- 
Tin. 5 e 


Plate : 


„WC ³ m 
Plate 8. Fig. 13.] A Concave Lens forms the 
Image on the lame Side that the Radiant is, but 


much leſs and nearer it. For if the Object B A 
be put before the Lens E F, it will be {een by the 
Ehe at C, in the Poſition 4 b, and by confequence 
leſs than the Olject; tor tne Ray AE falling on 
the Lens at E, is retracted into g E, and comes 
nearer to the I, and the R) Eg coming on the 
Convex Surface of the Air at g, will be retracted 
into gc and recede from the L: So that the Rays 
AB will enter the Eye at Cor c, as if it had como 
directly from a, and not from A. So that the Eye 
being at C, and receiving the Rays coming from 
A and B, will be the ſame way affected as if they 
came from à and B. After the ſame manner the 
Rays which come from B will enter the Eye at C, 
as If they had come from h, fo that the Eye will 
{ce the Object B A at Ba ncarer to it, and alto 
much lets than it really is. N 
Plate 8. Fig. 8.] The ye is a Lens contrived 
by Gop to project the Images of external Ob- 
jects on the Retina; and tnen it is that we ſcœ di- 
ſtinctly, when thoſe Images arc diſtinctly painted 
on the Retina. Immediately under the firit Coat 
of the Eye, which is called the Tunica Cornea, A 
B, 


. 
B, there's an Humour of the ſame Conſiſtence with 
Water, and is called the Aqueous Humour E F. 
In the Middle of this there ſwims another Mem 
brane, called the Ve CD, which is opaque, 
and lets no Light paſs thro' it, but as pertorared 
at CD, and the {mall Hole is called the Pupilla; 
ſo that all the Light which forms the Image muſt = 
pals thro' that Hole. Next tothe watery Humour 
15 a conſiſtent Globe, which is called the Chri- 
ſtalline Humour K, and behind this is placed the 
vitreous Humour HG, which is not conſiſtent as 
the Chriſtalline, but yet is firmer than the Aqueous. 
Behind the vitreous Humour hes the Retina, which 
ariſes from rhe Inſertion of the Optick Nerve at L, 
and it is ſuppoſed to conſiſt of an infinite Num- 
ber of ſmall Nerves, ſtanding 1 by, on the Con- 
cave Surface of the Eye, on which the Images of 
external Objects are paired. The Figure of the 
Eye is Spherical, being the only Figure which can 
turn every way in the Hole it fills up. 
Nc becaule thoſe Rays only which come from 
any ſingle Point of an Object, and fall on the 
Middle of the Eye at M, are united at one Point 
on the Retina, thoſe which fall at A and B ob- 
liquely, not being exactly united with the reſt, at 
5 „ 


EJ 3 — 
chat Point, therefore the Eye is furniſhed with the 
Urea, an opaque Coat, which intercepts all thoſe 
Rays which tall obliquely on the Eye. Eg, 
The Pupilla or Hole in this Coat, has Power to 
dilate or contract it ſelf, ro let more or lets Light 
paſs thro' ir, and in the Day time it is buc ſmall; 
for too much Light from the Sun would hurt 
the Eye : In the Night time it grows wider, to let 
in all the Liglit it can to affect the Retina; and 
this is the Reaſon why at Twilight Things ap- 
PCar bigger than they are, for the Pupilla being 
very wide, a great many Rays come on the Retina, 

which fall on the Corner very obliquely, and 
_theretore will not all be united in one Point on 
the Retina, but take ſome Space on it, and ſo the 

Image of the whole will be much greater than it 

ought to be. Tis on the ſame Account that a 

Candle, in the Night time, ſcen at a Diſtance, 
_ appears much greater than it ought to do, and the 
| ſame is true of the fixed Stars, for they appear 
much leſs if we look at them thro' a ſmall Hole 
JJ...“ 
To make all this plain, take two Tin Tubes 
made to 7 one within the other, fo that you 
might make them longer or ſhorter as you pleaſe ; 

ik 
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if at one End of theſe Tubes was put a Lens, and 
at the other faſtened a piece of oiled Paper, or a- 
ny thin Membrane of an Animal to repreſent the 


Retina, and the End where the Lens is put, be 
covered. with a Lid, in which muſt be made a 
{mall Hole to repreſent the Pupilla ; then if you 


draw the Retina backwards or forwards, you will 
at a certain Diſtance ſee the Images of external 
Objects painted on it in their true Colours, as in 
the dark Chamber, or Magick Lanthorn. 


Since then the Eye is a Lens which projects the 


Images of external Objects on the Retina, if the 
Eye ſhould keep always the ſame Figure, and the 
Retina the ſame Diſtance behind it, there would 
be but one certain and determinate Diſtance at 
which it would ſce Objects diſtinctly; * . IAE 
the Retina were juſt at the Diſtance of the Focus of 


Parallel Rays from the Cornea, no Objects would 
have their Images diſtinctly projected on the Re- 
tina but thoſe which are at a good Diſtance from 


it, ſo long as the Eye kept that Figure; bur it the 
ye were "of ſuch a Figure, as to "aſl the Images 
of near Objects on the A if the Objects 
N crc farther removed, the Images would not fall 
on the Retina, but between the Cornea and it. If 


then 


2 


/ 
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if at one End of theſe Tubes was put a Lens, and 

at the other faſtened a piece of oiled Paper, or a- 
ny thin Membrane of an Animal to repreſent the 

Retina, and the End where the Lens is put, be 


covered with a Lid, in which muſt be made a 

| ſmall Hole to repreſent the Pupilla; then if you 
dra the Retina backwards or forwards, you will 
at a certain Diſtance ſce the Iinæges of external 
Objects painted on it in their true Colours, as in 

the dark Chamber, or Magick Lanthorn. _ 


Since then the ye is a Lens which projects the 


Images of external Objects on the Retina, if the 
Eye ſhould kcep always the ſame Figure, and the 
Retina the ſame Diſtance behind it, there would 
be but one certain and determinate Diſtance at 
which it would ſee Objects diſtinctly; VG. If 
the Retina were juſt at the Diſtance of the Focus of 
Parallel Rays from the Cornea, no Objects would 
have their Images diſtinctly projected on the Re- 
tina but thoſe which are at a good Diſtance from 


it, ſo long as the Eye kept that Figure; but if the 


Eye were of ſuch a Figure, as to caſt the Jmages 


of tear Objects on the Retina; it the Objects 
were farther removed, the Images would not fall 


on the Retina, but between the Cornea and it. It 
| 4 an 
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then the Eye kept one and the ſame Figure always, 
there would be no diſtinct Viſion, but when O- 
jects are at one determinate Diſtance from the Eye, 
"which would be very inconvenient for Animals 
And therefore to remedy this, the ye has the 
Power of changing its Figure, whereby the Cornea 

is ſometimes part of the Surface of a larger Sphere, 
| ſometimes of a leſſer, and it is on this Account 
that the Eye is made to conſiſt of various and 
flexible Humours and Parts, the moſt moveable 
of all which is the watery Humour, lying imme- 

diately under the Cornea, next to which is the 
Chriftalline of the firmeſt Conſiſtence; the Chri- 
ſtalline is cloſely embraced by the Ligamenturs 
Ciliare, by which it is ſuſpended, and the Fibres 
of the Ligament by their Contraction or Dilata- 
tion bring the Chriſtalline backwards or forwards. 
When the- Chriſtalline is brought forwards, it for | 
Wards the aqueous Humour, and makes the Eye [ 
more protuberant, or the Segment of a leſſer Sphere: 
On the contrary, when the Chriſtalline is brought 1 
back, the aqueous Humour returns alſo, and the | 
ye becoms more flat, or the Segment of a larger | 
Sphere; fo that by the Motion of the Chriſtalline 
the Cornea is made more or leſs convex, the ö 
FF)VVů © T Al 
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greateſt Refraction being made on the Cornea. Tis 
by chis Nobiliey or  Ghangeablenefs of the Eyre 
that we are made to ſec Objects at different Diſtan- 


ces from us. 


If che Objects are at a Diſtance, the Eye that 
looks at them grows flatter, if they are near us, 
the Fye grows more convex: Now if the Eye 
could apply it ſelf to ſee Objects at all Diſtan- 
ces from us, we could always fee every Object 
ctly, and near Objects would be brought ſo 
near the Eye, that we could fee them magnified 
in any Proportion we pleaſed. For we eſtimate the 
9 ye by the 
Angle under which they appear: Thus the Object 
A B (Plate 8. Fig. 10.) appearing under the An- 
gle AE B, its Image takes up the Space 4b on the 
Retina, but the Object CD appearing only under 
the Angle CE P, its Image takes up only the 


diſtit 


pace cd on the Retina. 


One and the ſame Object At different Diſtances : 
from the Retina, will appear. under very diffe- 
rent Angles. Suppoſe A B (Fig. 1 I.) the Object, 


and the Eye at c, the Angle under which the Ob- 
ject appears, is the Angle A CB, if the ſame Ob- 


ject be removed to 4b, the Angle under which it 
— ———— Appears 


— 


appears is the Angle a Ch if it be brought to 4b, 
the Angle at the He is 4Cb, ſo that the Angle 
will ſtill be greater the nearer the Object comes 
„„ „ CR 5 
Hg. 14]. Suppoſe then a {mall Object AB, 
which of the ordinary Diſtance at which the-Fye 
lies, appears under the Angle A CB, which is ſo 
very ſmall that the Eye can't perceive the Parts of 
the Object diſtinctly ; if then the Eye were brought 
Ten or a Hundred times nearer V. G. to D, and 
if it could form it ſelf to ſee diſtinctly at all Di- 
ſtances, it would appear to the Eye under the 
Angle ADB, Ten or a Hundred times bigger 
than ACB, and conſequently the Object will ap- 
pear Ten or a Hundred times magnified : Bur 
then tho' the Bye conſiſting of flexible Parts, can 
change its Figure ſo as to lie at ſeveral Diſtan- 
ces, yet this Mutability of Figure conſiſts within 
certain Limits, and there muſt be certain Dita. 
ces in which an Object muſt be put to be ſeen di- — 
ſtinctly; ſo that if the Object be put nearer the _ | 
Eye than this determinate Diſtance, it can never N 
be ſeen diſtinctly, the Image not falling on the 
Retina, but its Place would either be behind the 3 
Retina, if rhe Rays could go ſo far before they | 


| were intetcepted, or the Image will be vertical and 
before the Eye if the Object were nearer. than the 
Focus of Parallel Rays, and conſequently it can't 
be painted on he ooo ooh 
If there were any ſolid Bodies ſwimming in the 
aqucous Humour, thoſe can never have the Ima- 
ges on the Retina, but their Images will be verti- 
cal and before the Eye. This is a Demonſtration 
that the Miuſce Volitantes can never be produ- 
ced by Objects ſwimming in the aqueous Hu- 
mour, as Phyſicians generally imagined.  _ 
Plate 8. Fig. 17.] Since then the Object A B may 
be fo near the Eye at D, that it will be without 
the Limits of diſtinct Viſion; it's plain that it 
can't be feen magnified to the naked Eye in any 
given Proportion, which it would be, could the 
Eye ſee diſtinctly at all Diſtances; but if before 
the Eye D be put a Lens CE, which conſiſts of 
Segments of ſmall Spheres, and the Diſtance of 
the Objects from the Lens be leſs than the Focus 
of the Parallel Rays, the Lens will form the Image 
of the Object AB at 4b; that is, all the Rays 
which come from the Points A and B will enter 


the Eye as if they had come from the Points ab, Þ|| 


and the Eye will ſee the Object at 4 C, at the Di- 
E — .__.. 


5  —_7> 
ſtance neceſſary for diſtinct Viſion, and it will ap- 
pear under the Angle A D B, or a Db, which is 
the very ſame that it would have been under to 
the naked Eye at D. If the Object were placed at 
the Focus of Parallel Rays, then all the Rays which 
come from the Point A after Refraction thro' the - 
Lens, would go Parallel and enter the Eye as if 
they had come from an infinite Diſtance, fo the 
Eye would ſee the Point A in the Line A a pro- 
duced in Infinitum. The ſame thing is true of 
the Point B, and the Object would be ſeen at an 
infinite Diſtance under the Angle a DB, which is 
the very ſame under which it would be {cen by 
the naked Eye, if it could ſee it at D diſtinctly. 
Ng. 16. Plate 8.] Suppoſe an Object A B, which 
to the Eye at C the ordinary Diſtance for diſtinct 
Viſion appears, under the ſmall Angle A CB, if 
then I would fee this Object an Hundred times 
magnified, I take a {mall Lens whoſe Focal Di- 
ſtance for Parallel Rays is an Hundred times leſs 
than AC or BC, and put the Lens at G, ſo that 
the Diſtance of the Lens from the Object may 
be a Hundred times leſs than the Di ſtance of the 
Eye at C from the Object: If then I bring my 
Eye to D to the Lens, I ſhall (ce the Object thro 


the 


Gn 


the Lens under the Angle ADB, which is a Hun- 
dred times greater than A CB, and the. Eye will 
ſee the Object thus magnified diſtinctly, becauſe 


it ſees at a greater Dz ance from the Eye; for 
moſt Mens Eyes are framed to ſee C Objects at a 
good Diſtante from wig Eye diſtinctly. 


Fig. 15. Plate 8.] If there were an Object AB 


| wk a Lens E, whoſe Focal Diſtance is F E, that 
" Objext would appear by the Lens under the An- 


gle AEB: It there were a Lens whoſe Focal Di- 
* is DF, the Angle under which the Object 


will appear will be A 5 B, greater than AEB; if 
there were another Liens at C, whoſe Focal Di- 
ſtance is CF, the Angle under which the Object 
would appear :thro' x98 Lens is ACB, which is 
{ill greater than ADB. The le thee the Focal 
" Diſtance of Parallel Rays of any Lens is, the more 


2rwill magnify the Object. And if Pkg Lens be 


equally convex on both Surtaces, the Focal Di- 


ſtance for Parallel Rays is 4 nn . 


ſtance from the Lens; the leſs then the Semi- 


4 
. 
0 
C 


diameter of the Sphere is, of whoſe Segment the | 


Lens is made, the more it will magnity the Object; 


and the whole Art of magnitying Objects by ſingle 
Wy) e is to grind Glafles _— of Portion; 


of _ 


of ver * (mall- Spheres.  Lewenhoeck and Melon pre- 
tended to grind Glaſſes whole Focal Diſtance not 
much exceed the hundreth Part of an Inch. I have 
heard of ſome that are leſs, and if they were let fall 


on Paper, there would be need of another Mi- 


23 2090 % & — oath & _, 
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croſcope to find them with... 


| To know how much any of theſe ſingle Microſ- 
. | copes magnify; take a {mall piece of Paper, ſuppoſe 
tis of an Inch Diameter, and paite it on a Wall; 
then take a Microſcope and put any ſmall Object at 
| the Focus of Parallel Rays from it; then recede fo 
far from the Wall, till the Paper on it appears of 
he ſame Bigneſs with the Object ſcen thro the 
Microſcope; then conſider what Proportion the Di- 
{| ance ot your Eye from the Paper on the Wall 
I bears to the Diſtance of the Olject from the Mi. 
croſcope, and in that Proportion the Object will be 
magnified, O appear greater than it would do 
were it placed at the ſame Diſtance from the Eyc . 
with the Paper on the Wall. . 
44 5 We may perform this more eaſily thus. Take "Us 
round piece of Paper of about two or three Inches 
Diameter, and dye it black with Ink, then paſte it 
on a Pane of Glaſs in the Window and recede fo 
| fac from it, till looking thro' the Microſcope with . 
one 


761 


one Eye on the Object, and with the other on the 9 
Paper, you perceive them both of the {ame Big 
* 


neſs, or the one exactly to cover the | other, tt 
f Proportion berween the Paper and the 5 Ob fed 


will be exactly as the Diſtante of the Object 

from the Microſcope to that of the Eye from the 
Paper; and ee Fer the Object appears 

of the ſame bigneſs with the Paper, it is magnified 


in that Proportion. 


two or three, or one Foot of their Eye, yet there 


are ſeveral whoſe Limits of Diſtance for diſtinct 
Objects as to their Viſion, are much leſs. V. G. 
Some can't ſee Objects but when they are very near 


them, or cloſe tò their Eye, which being very con- 
vex, or the Segment of a ſmall Sphere, will unite 
the Rays of Objects at a Diſtance before they come 


to the Retina. They who have this Fault in their 


Sight are called hopes. E 
On the contrary, there are others whoſe Eyes are 
very flat, or Segments of large Spheres, who can't 


{ee unleſs the Objects be at a good Piſtance from 


them, 


Tho moſt Mens Eyes have ſuch a Flexibility and 

Changcableneſs of Figure, that they can t only ſee | 
Objects at a grear Diſtance, if they appear under 
any ſenſible Angle, but alſo thoſe that are within 
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them, and the Rays which come from one Point 
to fall into the Eye are quam proxime Parallel — 
| Becauſe old Men have generally their Eyes very 
flat, fo that they can't ſee but at a Diſtance; there- 
fore thoſe who are troubled with this Fault, are 
called Prestytæ: Both their Faults of Viſion may 
be helpt by Lens s; for thoſe who are Short. ſighted, 
and cant ſee any Object but what is very near them, 
by looking thro' a Concave Lens, will ſec di- 
ſtinctly Objects, which at the ſame Diſtance with- 
out the Lens, they could not ſee but very confu- 
33) . * 
Plate 8. Fig. 9.] Suppoſe the Object ABC, 
and the Eye of a Myopes at E, the Object being 
without the Limits of diſtinct Viſion, will be ſeen 
confuſedly by the Eye at E; but if you put in the 
Concave-Lens at G between the Object and the 
Eye all the Rays which come from it will enter the 
Eye as if they had come from a, which is much 
nearer to the Eye, and within the Limit of di- 
ſtinct Viſion; 78 ſame may be ſaid of B and C 
from this Experiment; therefore it's plain that by 
the help of ſuch a Lens, the Eye of a Myops 
will fee diſtinctly the Object A B C tho much 
leſs than if it had ſeen it without the Lene. 
1 — — Plate 


PDflate 8. Hg. I2.]. As a Concave-Lens makes 
Short- ſighted People fee more diſtinctly) ſo alſo 
the Conve Lens helps off the Sight of a Presbyta ; | 
for ſuppoſe A B an Object, and the Eye at C, 


this Object is ſo near the Ez 


in the Limits of diſtinct Viſion; and it will ſee 


the Object take up the Space 4 b which is greater 
than A B, and therefore it will fee it magnified ; 
whereas an Object ſeen thro' a Lens fit for a Mops 


does always appear leſs. 


Double Microſcopes are thoſe which conſiſt of 
2,: 3, OL 4 'Lens's that are deſigned tO magnifie the 


Gbr 


Plate 9. Fig. 1] | The firſt ſort is made after - 


this manner. C is a Lens of a ſmall Sphere, be- 
fore which the Object A B is placed at ſuch a Di- 


| tance, that the Image made by the Lens C may 


be caſt out at a great Diſtance on the other Side, 
viz, at 4 b, ſo that if a h be 10 or 100 times far- 


ther from C than A B is, it will be 10 or 100 


times greater than AB. D E is another Lens 
. which 


Eye that it can't be ſeen 

ere be a Concave- 

Lens put at E, ſo that the Object may be within 
the Focus of Parallel Rays, the Eye. will ſee the 
Object A B at 4 b, at a farther. Diſtance, and with- 


2 


Kg 
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which is larger and put ſo near the Inage ab, 
that 4b will be either in its Focus of parallel Rays, 
or ſomewhat nearer; ſo that the Image of the J. 
mage a b, made by the Lens D E, may be caſt 
out at a diſtance, fit for diſtinct Viſion. Now 
if the Fye be applied at G, it will ſee the the Ob- 
ject under the Angle, equal to the Angle Ef D, 
and conſequently magnified, and at a diſtance fir 
% 
Plate 9. Hg. 2.] Moſt of the double Micro- 
; ſcopes nov in uſe have three Cl. es £5 and are made 
thus. C is the Object Glaſs, which is the Porti- 
on of a ſmall Sphere; AB is the Object ſome- 
thing farther than the Focus of parallel Rays ; fo 
that the [mage may be caſt out, and fill the Space 
a b IO or 10 times greater than AB. DE is a- 
nother Lens or Segment of a larger Sphere placed 
at a little diſtance from 4 6; to this join the Glaſs 
H, which is the Segment of a Sphere ſomewhat 
leſs than DE: So that the Diſtance between the 
Glaſſes GH and D E, may be leſs than the Di- 
ſtance of the Focus of parallel Rays of the Glaſs 
GH, and that*he Rays which come from the J. 
mage à b, may pals the two wa and after Re- 
fraction enter the Eye at L. So that all choſe 
— — Kays 


„„ LL CH 
Rays which come from the ſame Point of the A 
mage a b, may enter the Eye as if they had come 
from an infinite Diſtance, i. e. the two Glaſſes G H 
and D E ought to be ſo placed, that the Rays 
which come from any one Point of the Object à b, 
ma) after f Refraction thro' theſe two Claſſes run 
parallel, and ſo form in the Eye a diſtinct Image; 
for it is plain, that in this Cafe the Eye will ſee 
the Object much magnified and diſtint. By this 
Microſcope the Eye can perceive a greater Portion 
of the Object than by the former; becauſe the 
Rays at h and à would fall fo obliquely on the 
Glaſs DE, that without the third Glaſs HG, they 
could not enter the Eye, and conſequently: with- 
out that Glaſs the Eye will ſee only the middle 
Part of the Object. He rd ee ID Lo 
As Microſcopes are uſed to diſcover the ſmall 
Parts of theſe Bodies we have near us, and put at 
a due Diſtance from the Miſcroſcope: So Tele- 
{copes are for diſcerning Bodies diſtinctly that are 
at great Diſtance ſrom us; ſo that the Rays which 
come from any one Point of the Object, and fall 
on the object Glaſs of the Teleſcope,” may be con- 
cCeived as Parallel, and conſequently they will u- 
nite and form the Image as the Focus of parallel 
Rays. — — —— Pinto 


wt 
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Plate 4. Fig. 15.] The firſt and moſt ſimple 
Sort of Teleſcope is the Aſironomick, tor looking 
at the Stars. CD repreſents the object Claſs, 
which is a Portion of a very large Sphere; A E 
and BE, are two Rays Ah com from the Ex- 
tremities of an Object placed at a great Di- 
ſtance, as the Object A B is to be ſuppoſed. All 
the Rays which come from the fame Point that A 
E came from, will after Refraction thro' the Lens 
meet at 4, and all the Rays which come from the 
{ame Point of rhe Object with the Rays B E, will 
after Refraction meet at the Point “; ſo that tho 
Image of the Object will be placed at ba, at the. 
Diſtance of the Focus of parallel Rays, as you may 
ſce by the pricked Eines. . 


Suppoſe GF H a Lens of a much greater Con- 
vexity, or a Segment of a much larger Sphere; pla- 
ced fo near the Image a b, that ab. may be in its 
Focus of parallel Rays, that is to fay, all the Rays 
which come from the Points 4 and b, may | 
after Refraction run parallel and enter the Eye- 
at L, as if they had come from a great Diſtance ; 
theſe Lens's being thus adapted, and put in a Tube, 
the Eye will ſec diſtant Objects diſtinctly, and 
magnificd in the. Proportion that the. focal Di. 
fkance 


7 [ 102 ] 5 
ſtance of the Glaſs CD, as greater than the focal 
Diſtance of G H. For firſt the Eye will ſee the 
Object diſtinctly, becauſe the Rays which come 
from the Points 2 b, falling on the Eye at L, as 
if they had come from a great Diſtance, will be 
exactly united in the Retina, and therefore a di- 
ſtinct Image. . „ 
24). The Object will be ſeen much greater 
than without the Teleſcope, for the Angle under 
which the Object is {cen without the Teleſcope, is 
the Angle ALB, and the Image under the Retina 
of the Eye is AB; but the Angle under which 
che Object is ſcen with the Teleſcope is the Angle 
'G H and the Image made then on the Retina 
is K; and therefore as much as this latter Angle 


. 


and Image are greater than the former, ſo much 
is the Object magnified by the Teleſcope. 
Again, let A and B be two Rays coming from 
the End of an Object at an infinite Diſtance, 
whoſe Image is ab, the bigneſs of which is deter- 
minced by the Angle 4 Eb, which theſe two Rays 
make in paſſing thro the object Glaſs, without any 
Refraction, becauſe they are the eAxes of two 
Pencils of Rays: Let the focal Diſtance of the ob- 
ject Claſs be E K, and that of rhe Eye-Claſs E K, 


anda. 


and A E B be the Angle under which the Object 


is ſeen without the Teleſcope. New becauſe the . 


mage and the Object appear under the fame An- 


gle from the Lens, the Angle A E B will be &- 
qual to the Angle a Eb, and conſequently to the 


Angle under which the Object appcars ſeen with- 


out the Teleſcope ; but the Eye at L ſees the J. 
mage a b under an Angle equal toaFb; and 


conſequently ſo much greater as the Angle 4 F 


b is than 4 Eb, ſo much greater will the Object 
appear when ſeen with the Teleſcope than when 
greaa- 


0 ſeen without it: Burt ſo much as E K is © 


ter than F K, ſo much is the Angle 4 F b 
greater than 4 E b, i. c. the Object iS magnified in 


proportion to the focal Diſtance of the object 


Glaſs, keeping the ſame Eye-Glaſs ; and and con- 


ſequently the longer the focal Diſtance, i. e. the 


longer the Space is, of which the Lens is a Porti- 


on, the more the Object will be magnified; and 
therefore the whole Perfection of theſe Sort of 


Teleſcopes, is to get object Glaſles well ground of 
a long focal Diſtance, There are {ome of rheſc 
Teleſcopes of 150 or 200 Feet in Length, but it is 


very difficult to manage and turn them as one 


Til pleaſes. It 18 plain, that the Image ab 18s inver- 
. „ 


1 8 
ted in reſpect of the principal Object, and conſe. 
quently whatever Objects we look at with theſe 


T eleſcopes, will appear inverted. _ 


Plate 9. Fig. .] 2. Galilaus'sTeleſcope docs 
likewiſe conſiſt of two Glaſſes, whereot the object 
Glaſs is-Convex, and a Segment of a leſſer Sphere. 
They are fixed in a Tube after this manner. CD 
is che object Glaſs, whoſe Focus of parallel Rays 

zs at 4b, i. e. the Images of diſtant Objects made 

by the Glaſs CP are at 4b, ſo that K is the Focus 
of parallel Rays to the Axis of the Glaſs; ſo 
that if it were not for the interpoſition of the 
Bye-Glaſs GH, all the Rays parallel to the Axis 
would converge to the Point K; but then by 
the interpoſition of the Concave Eye-Glaſs G H, 
which is placed at ſuch a Piſtance from the Imagt 
a b, that the Point K is in its Focus of parallel 
Rays: or vertical Focus, all the Rays which before 
they paſſed thro' the Glaſs G H were converging 
to the Point K, will after Refraction on the Glaſs 
GH, run parallel to the Axis: The ſame way 
all the Rays which before the Refraction on the 
Glas GH, were converging to the Points 4 h, 
will after Refraction run Parallel one to another. 
So that the Eye near F will receive all the Rays 
ER 4 8 2 | which 
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which were going to 4 h, as if they had all come 
from 4 b placed at a great diſtance, and the Eye 
will ſee the Obſect under the Angle a F which 


is equal to aFb; where it is to be obſerved that 
the Image à b is inverted in reſpect of ab, and a 
b will be erected and ſeen the fame way that the 


principal . A 
MOCK 


N. B. The vertical Focus of a Concave Claſs is 

that Point from which the Rays parallel to the 

Axis diverge, after Reſraction thro' the Glaſs ; 
4s the Point C (Plate 7. Fig. 3.) 4 the wertical 


Tus of parallel Rays of the Glaſs E E, becauſe 


the Rays B D, which come from A, and before they 


entered the Glaſs were Parallel to the Axis A E, are 


by Refraction thro the | aid Glaſs made to diverge 


from the Point C, as if they had come really from 
that Point. 2 g ENS. 


Plate 9. Fig. 5] 3. Becauſe the firſt Sort of 


Teleſcopes ſhew all Objects inverted, and the ſe- 
cond. diſcovers but the ſmall Part of an Olſect at 


once; therefore a third Sort has been contrived, 


conſiſting of four Glaſſes, w1z,. one large Object 


Glaſs and three Fye-Glaſſes, placed after this man- 


ner. CD is the Objedt-Glaſs, whoſe Focus of 


parallel Rays is at @ 6: or which is the ſame 


: ESI thing 
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thing, let 4 6 be the Image of ſome diſtant Object, 
therefore it will be inverted in reſpect of the Object. 
E F is an Eye-Glaſs, a Segment of a leſſer Sphere, 

placed fo near the Inage à b, that Rays which 

come from any one Point of it after Refraction 
thro' EF, may run parallel, and fall on a third 

Glaſs GH; thoſe parallel Rays falling on the 

Glaſs GH, will after Refraction converge to the 
Focus of parallel Rays, and form an Image a b in- 

verted in reſpect of 4b, and conſequently erected 

in reſpect of the principal Radiant. I K is ano- 

ther Glaſs placed ſo near the Image 4 b, that the 

Rays coming from any one Point of the Image 

4 b may enter the Hye at L, as they had come from 
2 Point at a great Diſtance ; that 1s, they will after 
Refraction at I K run parallel, and then the Eye 
at L will ſee the Image diſtinctly erected and 

OBSERVE, that 4b is the common Focus of 

parallel Rays to the two Glaſſes CD and EF, and 

4 b is the Focus of parallel Rays to the two Glaſ- 

es Gitand-LK e 
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Lights which differ in Colour, g ier alſo in 


Degrees of Refrangibilit. 


E XP E R # ME N of 
N you apply any flat Side of a Prifin to 


Rays which come from the Sun, theſe 
; / 1 il 7 {A D 
K, Hs a ha 


IS 4a. 


be [para ed by a different Refraction, and diverge 
from one another, (as in g. 1. Plate 10. and ap- 


Pecars diſtinctly in an oblong Figure on the op- 
poſite Wall: They will be refracted in this Or- 
der, wiz. The red Rays will be refracted leaſt, 


b 3 the 


the Hole of a dark Room to receive the 


. | Rays which arc different in Colour, will 


. TM] . 
the Orange ſomewhat more, the Yellow more 
than that, the Green yet more, the Blue more 


than the Green, and the Purple moſt of all. Now 


to ſhew thar theſe Colours were not made by Re- 
| fraction, but Were originally in the Rays of che 
Sun; if you refract any one of them never ſo 
much wk a Priſm, as for Example, the Purple in 
the firſt Figure, it will retain the ſame Colour, 
If you contract theſe refracted Rays with a 
Burning-Glaſs, they will all converge to the Focus 
of parallel Rays, as in the ſecond Figure; where 
if you receive them on Paper, they will appear 
White: And to ſhew farther, that White is a Com- 
poſition of all theſe Colours, if you intercept the 
blue Ray with a Piece of Paper, between the Fo- 
cus and the Glaſs, the White at the Focus will ap- 
pear Reddiſh ; if the Reddiſh be intercepted it 
will appcat Blaciſh. S0 that if one of theſe Co- 
lours is wanting, the White is imperfect. 
Fig. 3. If you receive all the Rays on a Piece 
of Paper, as at L, Figure 3d. between the Focus 
of parallel Rays and the Glaſs, they will appear 
with their proper Colours in their right Order, and 
converging towards one another ; but if they be 
reccived beyond the Focus, they will appear in 
un their 


C7 


their proper Colours on the Paper, and to have di- 


verged from one another, whence their Order will 
be inverted, viz. the purple Ray will be in the 


Place of the Red, and the Red of the Purple. 


To ſhew that the Rays which differ in Colour, 


tho! they have the fame Incidence, are differently 
retracted, place a tall Piece of Wood with an 


Hole in it, Hg. 4. and a Priim behind that Hole 
at a convenient Diſtance from the Window; then 
with it refract the ſeveral Rays one after another 
from the Hole in the dark Room, to the Hole in 
the Piece of Wood, and each of the Rays will be 
differently refracted on the oppoſite Wall. Vir. 
The Reddiſþ will be leaſt retracted, and upper- 


moſt ; the Orange next, underneath; the Tellow 
next, the Green next, the Blue next, and the Pyr- 
ple loweſt of all. 


. 


to reflect any one of theſe Rays more than the 
reſt, and in a great meaſure to abſorbe and ſtifle. 


O 1e LDIOTDC AT 
the others, appear to be of that Colour whici they 


moſt reflect; whence a blue Ray when retracted on 
a bluè Object, appears much ſtronger than when 
it is refracted on one of a different Colour, and ſo 
of the reſt. If you look thro a Priſm on an Ob- 
fect 


Thoſe Objects whoſe Parts are fo diſpoſed, as : 
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ject of any one Particular, V. G. Green, you will 
+ it in all the other G7 but the Green be- 
ing the moſt powerful, the Object to the Sight of 
the naked He will hc pg altogether of chat Co. 
lour. 
Since White his been proved to conſiſt of all 
Colours ; it follows from hence, that thoſe © Ohjecks | 
which appear White to us, are ſuch as are diſpoſed 
very curiouſſy to reflect all Colours, and the grea- 
ter or leſs this P Diſpoſition 1s in the Superficies Of 
the Object, it will appear accordingly of a 
quite White, or elſe of a ſomewhat ſhaded Dark- 
brown, or ſome other intermediate Colour; and 
thoſe 0 hiects which are very little, or not at 
- a PUREE to reflect theſe NY, will appear 
Black. 7 
It may be lo contriv 40 by darkening - a Room, 
and by > means letting Beams of Light fall ve- 
IT forcibly upon a black Object, that it ſhall chen 5 
appear exactly White to the Eye. 
If you expoſe two Pieces of Marble to the 
Sun One White, the other Black, the Black will 
be hot, and retain the Heat longer; ; for as the 


White reflects, lo the Black abſorbs the * of 
the Sun. 


If 


= 191 J 
If an oblong Piece of Paper placed before a 
Window, be viewed at ſuch a Diſtance thro' a 


Priſm, that the Light from rhe Window on the 
Paper may make an Angle, equal to that which 7 
is made by it, i. e. the Light reflected from the 
Paper to the Eye, Provided the Paper be ter- 


minated with Sides parallel to the Priſm, and the 


Horizon, and diſtinguiſhed by a perpendicular 
tranſverſe Line into rwo Halves, the one of an in- z 
tenſely blue Colour, the other intenſely ] Red: If the 
refracted Angle of the Priſm (i. e. its two Sides 
thro' which he Light paſſes to the Eye) be turn- 
ed upwards, ſo char the Paper may ſcem to be lif- 
ted upwards by the Refraction, its bluc Half will 
be lifted higher by the en than its red 


Half; but if it be turned downwards, ſo that the 
Paper may ſeem to be carried lower by the Re- 


fraction, its blue Half will be carried {omcrhing 


D 


lower thereby than its red Half; | becauſe in Both 
Caſes the Light which comes from. the blue Half 


of rhe Paper thro' the Priſm, to the Eye, is more 
refracted than that which comes from the red Half. 
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4 D ESCRIP TION of the 
Condenſi g EN GIN E with 
its Apparatus. _ 


PLATE 6. 3 
S a Syringe or 98 1 or injecting 


Air into the Veticl 4 4 4 4 of F Fg. 5 
3 
Hg. 9. A Mercurial. Cage made wick > Glaſs 
: Tube c fixed into a Piece of Wood, ro know, 
by the ng of the Mercury in the Veſſel 424 4. 
SS as bbbh repreſent the Braſs Heme- 
\ ſpheres; g, a Cock to keep the injected” Air from 
coming out; ec, a hollow Piece of Braſs thro” 
which the Air is injected; 4 4 a Braſs Plate to 
hut up the bottom of the Veſſel aaa; 4 One 
of the ray Rings to hang the Weights on to 
draw the Hemiſpheres nds 2 
Fig. 19. k, the other Braſs Ring for the 2. 
bovementioned purpoſe; 4444 is a Glaſs Vel: 


fel 


; Fig 6. j 
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ſel armed with Braſs Hooks at c, the better to 
Feep in the Air condenſed upon the Hemiſpheres 
_ bbbb within the ſaid Glaſs. /, a Piece of Braſs 
ſcrewed to the upper Hemiſphere to ſuſtain it by 
help of the Pieces e, e, g, hanging upon the 
Hook k, whilſt the Weights in the Scale draw the 
lower Hemiſpheres from it, and without letting 
out the condenſed Air. h, h, a Board with two 
ſcrewed Pillars to fix the upper and lower Braſs 
Plates to the Braſs Veſſel, d, d, the upper Braſs 
Plate repreſented in Hg. 8. with the Collar of 
"Leathers f, f, that the Piece e, e, of Hg. 7. may 
lip up and down without letting out the Air. 
IF the Air be exhauſted out of the Hemiſpheres 
(G joined only by a wet Leather) it will require 
thirty Pounds to draw them aſunder; if the Den- 
ſity of the Air in the Veſſel 4.4 4.4 be doubled 
by the Quantity of injected Air on the outſide of 
the Hemiſpheres, tho the Air is not drawn out 
from between them, it will require as much 
Weight to draw them aſunder, as before; and 
double that Weight if there is a Vacuum between 
the Hemiſpheres; or if the Air is three times as 
denſe as at firſt. And it the Air being three times 
as denſe as at firſt, there be Vacuum between the 
3 — — — 
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Hemiſpheres, | ith: will. require three times the 


Weight, namely three hundred and ninety Pound 
to pull chem alunder. 
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ADr5crterION of Mavis 
HORARY, or a Machine to repreſent 
the Motion of the Moon about the Earth, 
aud the Hari Venus and Mercury about 


_ the Sun, 


FEY H. I 8 e repreſents that Part of 
Ne the Planetary Hſtem, according to C. 
> Pernicus, which is circumſcribed by the 
EEE Fs Motion round the Sun, or con- 
tain d within the Orbit that the Earth deſcribes 
about the Sun. | 
The flat Silver Ring which incompaſſes the 
whole Work upon the upper Face of the Move- 
ment, repreſents the Plane of the Ecliptic, and is 
divided into wwelre 1275 Parts, which are the 


— twelve 
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twelve Signs of the Zodiac; each Part is again 
ſubdivided into thirty equal Parts, which are the 
Degrees of each Sign, there being three hundred 
and ſixty of theſe in the whole Circumference. 
This Plane of the Ecliptic paſſes thro' the Suns 
Centre, and the Earth's Centre is carried round 
the Sw in the ſame Plane; ſo that no Body can 
be in a direct Line between the Centres of the 
Earth and gun, unleſs that Body be in the Plane 
of the Ell pri, it raking irs Name from Fel 
- ſes, which never happen but when the Morn is in 
ot next this Plate; i ts 
The Places of all the Planets are determined by 
their Situations in reſpect to che S of the Zo. 
atac, - beginning to reckon from Aries, and by 
their being in or out of the Plane of the Eclip. 
lic; their | g 
of Aries is their Longitude, and their Diſtance 
from the Plane of the Ecliptic, eicher above or 
below it, is their Latitude, which is either Nor- 
thern or Southern, according as the Planet is to- 
wards the Northern or Southern Part of the E- 


Diſtance in Degrees from the beginning 


cliptic. : 


Plane paſſes thro the Suns Centre ; and ſince on- 
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Each primary Planet moves in an Orbit, whoſe 
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4.5 the Fark « all the primary Planets moves in 


Ecliptic, every one of the other muſt conſe- 


quently paſs. thro' rhe Plane of the Ecliptic at 
two oppoſite Points call'd Nodes. 


The Moon moves in an Orbit, whoſe Plane 


paſs thro the Earth's Centre. The two oppo- 
7 


te Points where the ſaid Orbit cuts the Plane of 


the Ecliptic, being the Moons Nodes, which are 
_ repreſented in the Machine by two Studs ; and 
ſince the Nodes arc always in the Plane of the 
Ecliptic, if the Moon happen to be in either of 
them, when they are in a Line with the Sun and 
Earth, there will be an Eclipſe; twill be of the 
Moon, if the Earth is between the Sun and 
Moon, and of the Sun, if the Moon is berween i 
the Sum and Earth. 


The Centre of each W s Orbit not r being i in 


the Sun's Centre, its Diſtance from it is called 
the Excentricity ; ; upon this Account the Planets 


recede fromm, and apptoach towards the Sun at 
different times. 
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Theſe Deffmitions being proniſed. 


Sun; which you may obſerve to turn round upon 
a fix d Axis, inclined to the Plane of the Ecliptic, 
| in an Angle of about Eighty-two Degrees or eight 
Degrees diſtance from a Perpendicular. — 
The innermoſt {mall Ball is the Planet Mercu— 
77, which revolves round the Sun in an excen- 
trick Orbit, with a proper Degree of Inclination 
. 20 m6 Fane of the 8 
Ihe next ſmall Ball is Venus, commonly cal- 
led the Evening or Morning-Star, which here re- 
volyes round in an Orbit of due Inclination and 
Excentricity. aol; | 
The outermoſt painted Ivor) Ball repreſents 
the Earth, which revolves round the Sun in its 
proper Orbit, and at the fame time has a ſwifter 
Rotation upon a Steet Axis, which Axis always 
ſtands inclined to the Plane of the Ecliptic in an 
Angle of Sixty-ſix and halt Degrees, or Twenty- 
three Degrees and half from a Perpendicular, and 
points the ſame way during the whole Revolution, 
it being always parallel to one and the Eg 
ab 6s RAN "Tine ; 


The large gilt B/ in the Centre repreſents the ® 
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Line; that is, if a fix d Star be ſuppoſed at an 
immenſe Diſtance, the Earth ſhall always point 
to it, what Part ſoever of its Orbit is in the two 
Extremities of this Axis, namely where it goes 
into, and where it comes out of the Globe, repre- 
ſents the two Poles ; the upper- moſt is the North, 
the oppoſite the South Pole; the other Ball which 
accompanies the Earth in its Motion round the 
Sun, and at the ſame time revolves round the 


Earth, repreſents the Moon, whoſe Orbit is leſs 


than that of the Earth, and has its proper Degret 

of -Inclination. = f 
The Hemiſphere of Mercur) or Venus, which 

is turned towards the Sun, is always enlightened, 
and the oppoſite Hemiſphere dark, which is here 

1 8 repreſented by the white and black P art of the Balls. 

It is to be obſerved of the Moon, that it turns 

once round its own Axis, whilſt it is carried round 

the Earth in its own Orbit, which is performed 

in Twenty-ſeven Days and cight Hours; and 
therefore the ſame Face is always towards the 
Earth, and it is hereby exprefſed by the white Part 

of tne Moon which is always towards the Earth 
in this Machine; but as it is not always enligh- 

tened, there is a dark Cap which expreſſes the 
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Bade Part of the Moon, or the Part not ani gli. 


ned by the Sun, and thereby is exhibited how 


much is alen of that Part of the Aon 
which we ſce from the Earth; that is, what Phaſis 2 


or Appearance the Moon has at any time. 


Whereby is ſhewn how far any Part of the 
Earth moves round in a determinate Number of 


Hours. 


The Circle on 5 Moon 5 Orbit is divided j into 
; Twenty-nine Parts and half, which repreſents the 

Pays of the Moon's Age, has: being the Period 
from New Moon to New Moon. The Number 


in the ſmall Circle adjoining to the Moon's Orbit, 


repreſents rhe Number of Moons or Linar- : 


0 . 
The Number which appears in a n Hole 
made on the great gilt Plate ſhews the Year. 


From theſe Meafures of Time you will find the 


Sun revolves upon his Axis in about 25 Days. 


Mercury revolves round the Sun in about 87 7 


ts 23 Hours. 


Venus revolyes round the gun in about 124 


Days, and 18 Hours. 
The Earth revolves about the Sun in 36 5 Days 


6 Hours, and about its own Axis in 24 Hours. 
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the Heavens. 5 1 A By . 

So that if this Movement be ſet to any given 
Time, ſo as to repreſent the Situations of the 
Earth, Sun, and Planets, in reſpect to each o- 

ther, and be afterwards ſer a going, it will then 

truly repreſent the Situation of the Planets, with 
regard to each other for any given Time, paſt or 
to come. Only this you muſt obſerve, that the 


And the Nodes of the Moon have a ret rograde 
Rewolution in her Orbit in about 18 Years and 


All which Motions neatly agree with "thoſe in 


Proportion of the Orbs of the Planets, in reſpect 


of the Bulks of the Bodies, and the Proportion 
of their Bulks to cach other, could not be perfor- 


med in ſo ſmall a Model as this is; but that may 


in ſome Meaſure be remedied by making the fol- 
lowing Allowances. e ee 


suppoſe the Diameter of the Moons Orb to 


be ſixty Diameters of the Earth, and the Diame- 
ter of the Earth's Orb round the Sun 300 times 

the Diameter of the Moons Orb, and the Orbs of 
Venus and Mercury to bear the ſame Proportion 


. * 


to the Earth's, . as they do in this. Machine. 


Then 


is FT 201 T7 [1 
Ihen for the Bodies * 00 the Earth to ks 1 
in Diameter a little more then 3 times and half 1 
greater than the Moon, or in Bulk near 51 times. = ! 
| Suppoſe Venus about as 4 as our Earth, and | 
_— about as large as the Moon. . 1 
And Laſtly, Suppoſe the Sun to be ncar 100 N 
. * 1 4 in Diameter than the Earth, that | is in N 
Bulk one e Million of times larger. 
: | W oft 
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'-" BOERHAAY Es i 
Method of Studying Paysiox. | 
P ontaining what a Phyſician ought to no 
in Relation to the Nature of Bodies, the 
e Laus of Motion; Staticks, Hydroftaticks, 
 F#haraulicks, and the Proprieties of Fluids: Chymi- 
try, Pharmacy and Botany: ee fe 


Splanchnology, Angiology and Diſſection: The 
Theory and Practice of Phyſick: Phyſrology, Pa- 
thology, Surgery, Diet, &c. And the whole Pra-. 
Kis ; "Frags ao ; with the Names and Chara- - 
Cckers of the moſt excellent Authors on all theſe 

ſeveral Subjects in every Age: Syſtematicks, Obſer- 
wvators, Operators, &c. their beſt Editions, and 
the Method of reading them. Written in Latin 
by the Learned Herman BOERHAVE, Now Pro- 
feſſor of Phyſick in the Univerſity of Leyden. 
 Tranflated into Engliſh by Mr. Samber. Price 
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Medicum creavit Altiſſuhus. Altiſſimus creavit de Terra 
wg Medicinam. Ecclef. cap. 388. 

Printed for C. Rivington, at the Bible and Grown 1 

St. Paul's Church-Yard : B. Creake in Jermyn- Street, St, 

4. | James's ; And J. Sackfield in Lintolns-Inn-Square, 
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